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A  NEW   METHOD  FOR  THE  DETECTION   OF  OCCULT 
BLOOD  IN  STOOLS. 

By  WILLIAM  G.  LYLE  and  LOUIS  J.  CURTMAN. 
{From  the  Harriman  Research  Laboratory,  The  Roosevelt  Hospital ,  New  York,) 

(Received  for  publication,  November  5,  1917.) 

The  finding  of  occult  blood  in  stools  is  of  great  importance  in 
the  diagnosis  of  ulcer  and  cancer  of  the  stomach.  However,  the 
usual  chemical  methods  are  so  unreliable  in  their  fft«iilf-<^  thsit  thpy 
are  at  present  discredited  by  many  surg;ef)Tifl  n^^  ir^i^^i^r^^aia  a 
review  of  the  literature  of  this  subject  shows  not  only  that  the 
niraiber  of  reagents  proposed  is  very  large,  but  that  there  also 
exists  a  considerable  nmnber  of  procedures  for  the  use  of  these 
reagents.  The  two  most  widely  used  are  gum  guaiac  and  ben- 
zidine. The  phenolphthalein  reagent  is  diflScult  to  prepare  and 
moreover  is  entirely  too  sensitive  for  ordinary  use.  In  a  previous 
paper^  we  have  shown  how  the  benzidine  reagent  may  give  erron- 
eous results  unless  great  care  is  exercised  in  cleaning  all  the  ap- 
paratus as  well  as  in  the  use  of  reagents  of  definite  concentrations. 
In  the  routine  examination  of  stools  we  have  found  it  difficult  to 
get  good  controls  with  benzidine;  moreover,  it  is  ^Qfl-se^itiye. 
An  alcoholic  solution  of  gum  guaiac  possesses  the  following  dis- 
advantages: (1)  Not  being  of  fixed  cotoposition  or  purity,  a  solu- 
tion of  definite  concentration  cannot  be  readily  prepared.  (2) 
Gums  from  different  sources  vary  greatly  in  their  sensitiveness 
as  well  as  in  the  stability  of  the  blue  compoimd  formed.^  (3) 
For  the  best  results,  solutions  must  be  freshly  prepared. 

» Lyle,  W.  G.,  Curtman,  L.  J.,  and  Marshall,  J.  T.  W.,  J.  Biol,  Chem,, 
1914,  xix,  445. 

*  In  this  connection  the  following  experiment  will  be  of  interest.  Three 
8i>ecimens  of  gum  guaiac  purchased  from  different  dealers  were  ground  and 
separately  dissolved  in  95  per  cent  alcohol  in  the  proportion  of  1 :  60.  0.5  cc. 
of  each  of  these  solutions  was  added  to  2  cc.  of  an  acetic  acid-ether  extract 
of  a  stool  and  treated  with  perhydrol.  The  first  did  not  give  a  positive 
test,  the  second  gave  only  a  faint  test,  while  the  third  yielded  a  good  blue 
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All  the  above  objections  can  be  overcome  by  the  use  of  guaiac- 
onic  acid  which  is  the  active  agent  of  the  gum.  The  preliminary 
work  of  this  investigation  was  carried  out  with  Merck's  guaiaconic 
acid;  but  as  this  reagent  was  diflScult  to  purchase,  and  its  cost 
High,  we  experimented  with  gum  guaiac  in  the  hope  of  preparing 
therefrom  some  substance  which  in  keeping  qualities  and  sensi- 
tiveness would  be  fully  equal  to  the  commercial  preparation  of 
guaiaconic  acid  and,  moreover,  would  possess  the  additional  merit 
of  being  readily  and  economically  prepared.  This  we  succeeded 
in  doing. 

Preparation  of  the  Reagent. 

The  method  of  preparation  based  on  a  series  of  preliminary 
experiments'  is  as  follows:  50  gm.  of  the  ground  crude  gum  guaiac 
were  treated  in  a  beaker  with  20  gm,  of  KOH  dissolved  in  200  cc. 
of  water.  After  thorough  stirring,  the  mixture  was  filtered  with 
the  aid  of  suction  through  cotton  spread  out  in  a  thin  layer  in  a 
Buchner  funnel.  The  residue  was  washed  with  water  until  the 
combined  filtrate  and  washings  approximated  1.5  liters.  To  the 
diluted  KOH  solution  were  added  with  constant  stirring  21  cc. 
of  glacial  acetic  acid  which  was  run  dropwise  from  a  burette. 
The  precipitate  was  allowed  to  settle,  the  supernatant  liquid 
poured  off,  and  the  residue  washed  once  with  water  by  decanta- 
tion.  The  precipitate  was  then  transferred  to  a  Buchner  funnel 
and  dried  by  suction  as  much  as  possible.  The  precipitate  was 
gently  heated  (small  portions  at  a  time)  in  an  evaporating  dish 
when  most  of  the  water  separated  and  was  removed  by  filter 
paper.  After  the  removal  of  the  water,  and  while  the  mass  was 
still  plastic,  it  was  drawn  out  into  thin  sheets.  In  this  condition 
the  material  rapidly  hardens  and  dries  in  the  air.  The  dried 
masses  were  then  ground,  treated  with  300  cc.  of  hot  95  per  cent 
alcohol  and  the  mixture  was  thoroughly  stirred  to  prevent  the 
formation  of  a  gummy  mass.  In  a  few  minutes  a  dark  brown 
material  separated  in  a  flocculent  condition.    This  was  filtered 

color  but  of  short  duration.  Under  the  same  conditions,  our  preparation 
gave  a  good  blue  color  which  lasted  for  some  time.  The  experiment  was 
repeated  with  the  same  results. 

•  We  wish  to  acknowledge  the  assistance  of  Mr.  A.  G.  Wikoff  in  th«  prep- 
aration of  this  substance. 
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off  and  the  alcohol  removed  from  the  solution  by  distillation. 
The  residue  in  the  flask  was  treated  with  20  gm.  of  KOH  dissolved 
in  water,  diluted  considerably,  and  precipitated  as  before  with 
about  20  cc.  of  glacial  acetic  acid.  The  precipitate  wae  filtered 
off  and  dried  as  described  above,  after  which  it  was  ground  and 
kept  in  a  desiccator.  The  weight  of  the  material  finally  obtained 
was  30.3  gm.  representing  a  yield  of  60  per  cent.  The  time  re- 
quired to  make  this  preparation  was  4  hours,  the  distillation  of 
the  alcohol  being  the  most  time-consuming  of  all  the  operations. 
A  solution  containing  1  gm.  of  this  preparation  in  60  cc.  of  95 
per  cent  alcohol  was  prepared,  kept  in  a  glass-stoppered  bottle 
of  colorless  glass,  and  its  sensitiveness  determined  from  time  to 
time  with  a  standard  solution  of  blood.  No  appreciable  difference 
in  sensitiveness  was  observed  at  the  end  of  several  weeks.  There 
is  therefore  no  need  for  freshly  preparing  the  solution  in  making 
the  test. 

Procedure  for  the  Examination  of  Stools  for  Occult  Blood. 

After  considerable  experimentation,  the  following  procedure 
was  adopted.  Approximately  10  gm.  of  the  stool  are  transferred 
to  a  beaker,  25  cc.  of  distilled  water  are  added,  and  the  mixture 
is  stirred  imtil  of  uniform  consistency.  Over  a  low  flame,  the 
mixture  is  heated  with  constant  stirring  to  boiling  and  kept  at 
the  boiling  temperature  for  several  minutes.  After  cooling,  one- 
half  of  the  mixture  is  transferred  to  a  glass-stoppered  bottle  of 
80  cc.  capacity,  5  cc.  of  Merck^s  reagent  glacial  acetic  acid,  and 
25  cc.  of  ether  are  added,  and  the  mixture  is  thoroughly  shaken  and 
allowed  to  stand  for  several  minutes.  In  a  test-tube,  2  cc.  of 
the  ether  extract  are  treated  with  0.5  cc.  (1  :  60)  of  the  prepara- 
tion described  in  this  paper  and  finally  one  to  five  drops  of  33  per 
cent  Merck's  reagent  perhydrol  are  added  slowly  from  a  pipette. 
A  decided  green,  light  or  dark  blue,  or  purple  color  indicates  the 
presence  of  blood  in  quantity  to  be  of  clinical  significance.  Our 
experiments  confirmed  those  of  Buckmaster  who  first  pointed 
out  that  boiUng  the  blood  was  without  influence  on  the  test  with 
guaiaconic  acid. 
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Determination  of  the  Sensitiveness  of  the  Above  Procedure. 

To  this  end  a  series  of  standard  blood  solutions  was  prepared 
as  follows: 

Solution  A, — 1  cc.  of  freshly  drawn  human  blood  was  diluted 
to  100  cc.  in  a  volumetric  flask  with  distilled  water.  A  few  drops 
of  toluene  were  added  as  a  preservative.  1  cc.  of  this  solution 
contained  0.01  cc.  of  blood. 

Solution  B. — 1  cc.  of  Solution  A  was  made  up  accurately  to 
10  cc.  giving  a  solution  of  strength  1  cc.  =  0.001  cc.  of  blood. 

Solution  C. — 1  cc.  of  Solution  A  was  diluted  to  20  cc,  yield- 
ing a  solution  of  strength  1  cc.  =  0.0005  cc.  of  blood. 

Solution  D. — 1  cc.  of  Solution  A  was  diluted  to  30  cc,  giving 
a  solution  the  strength  of  which  was  1  cc.  =  0.  0003  cc  of  blood. 

Stools  Employed  in  the  Tests, 

The  stools  used  in  the  following  tests  were  obtained  from  patients 
kept  on  a  meat-free  and  soup-free  diet.  They  were  all  formed 
stools  and  when  tested  by  the  procedure  already  mentioned  gave 
negative  results.  10  gm.  of  a  negative  stool  were  weighed  in  a 
beaker,  about  50  cc.  of  water  added,  and  thoroughly  mixed;  the 
mixture  was  then  made  up  with  water  to  100  cc.  and  again  uni- 
formly mixed.  Separate  10  cc  portions  of  this  mixture  were  re- 
spectively treated  with  definite  volumes  of  the  above  standard 
blood  solutions,  thoroughly  mixed,  and  heated  to  boiling  for  10 
minutes  with  occasional  stirring  on  a  hot  plate.  After  cooling, 
the  mixtures  were  stirred  for  5  minutes  with  3  cc.  of  glacial  acetic 
acid  and  12  cc  of  ether.  2  cc  portions  of  the  clear  extracts  were 
transferred  to  test-tubes,  and  treated  with  0.5  cc  of  guaiaconic 
acid  solution  and  five  drops  of  perhydrol.  The  following  results 
were  obtained. 

The  experiments  in  Table  I  were  repeated  three  times,  using  dif- 
ferent negative  stools  for  each  series,  with  the  same  results.  It  ap- 
pears therefore  that  when  1  gm.  is  taken  for  the  test  our  technique 
is  capable  of  detecting  0.0001  cc.  of  blood  or  one  part  in  10,000. 

It  may  be  of  interest  to  note  that  when  1  cc  of  3  per  cent 
medicinal  hydrogen  peroxide  was  used  in  place  of  the  five  drops 
of  30  per  cent  perhydrol,  very  faint  and  in  some  cases  negative 
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TABLE  1. 

10  Cc,  Portions  Containing  1  Om.  of  Stool, 

No. 

Blood  aolution. 

Amount  of 

blood  in  1  gm. 

of  stool. 

Test. 

cc. 

1 

0.5  CO.  Solution  A 

0.005 

Blue. 

2 

0.1  "        "          A 

0.001 

Greenish  blue. 

3 

1.0  "        "          B 

0.001 

<«           ti 

4 

0.5  "',      "          B 

0.0005 

Light  green. 

5 

0.1  "        "          B 

0.0001 

«            u 

6 

0.1  "        "          C 

0.00005 

Negative. 

7 

0.1  «        "          D 

0.00003 

« 

8 

No  blood :. 

0.0 

« 

tests  were  obtained  in  extracts  which  gave  unmistakably  positive 
results  with  the  usual  quantity  of  perhydrol. 

To  detennine  whether  any  advantage  was  to  be  gained  by 
boiling  the  stool  with  acetic  acid  before  extraction,  the  following 
experiments  were  made.  Four  portions,  of  9  to  10  gm.  each, 
of  a  negative,  formed  stool  were  treated  as  follows: 

(a)  To  one  portion  25  ccl  of  distilled  water  were  added.  (6) 
To  another  portion  25  cc.  of  water  containing  5  cc  of  glacial  acetic 
acid  were  added,  (c)  Same  as  (a)  with  the  addition  of  1  cc.  of 
blood  Solution  A.  (d)  The  same  as  (6)  with  the  addition  of  1 
cc.  of  blood  Solution  A.  All  were  boiled  for  10  minutes  and  the 
regular  procedure  was  applied  with  the  following  results: 

a Negative. 

b " 

c Positive. 

d " 

The  above  experiments  were  repeated  with  the  same  results, 
showing  that  the  preliminary  boiling  of  the  stool  with  acetic  acid 
and  water  possesses  no  advantage  over  the  adopted  procedure 
of  boiling  first  with  a  little  water  and  subsequently  extracting 
with  acetic  acid  and  ether. 

An  examination  of  the  various  foods  and  pills  given  to  patients 
in  the  hospital  was  made  to  see  if  they  gave  the  test  for  blood. 
The  procedure  was  the  same  as  that  employed  in  the  examination 
of  stools.    For  analysis  about  25  gm.  of  each  food  were  taken  and 
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sufficient  of  the  pills  to  make  one  dose.  Negative  results  were 
obtained  with  the  following:  American  store  cheese,  custard, milk, 
prunes,  oatmeal,  farina,  wheatena,  bread  (white),  rice,  egg,  ice 
cream,  condensed  milk,  compound  C  pills.  A,  B,  and  S,  and  A,  B, 
and  P,  and  laxative  pills.    A  positive  test  was  given  by  meat  soup. 

Application  of  the  Method  to  Hospital  Cases, 

The  method  described  in  this  paper  was  used  in  the  exacmination 
of  over  500  stools  to  be  tested  for  occult  blood  with  satisfactory 
results.  Before  carrying  out  the  test,  the  patient  was  kept  for 
at  least  2  days  on  a  meat-free  and  soup-free  diet.  Although  a 
light  green  color  indicated  small  quantities  of  blood,  for  clinical 
purposes,  we  chose  to  report  such  cases  as  doubtful  and  considered 
only  those  cases  positive  in  which  a  dark  green  or  blue  color  was 
obtained. 

SUMMARY. 

A  new  procedure  for  the  detection  of  occult  blood  in  stools  is 
proposed,  the  chief  features  of  which,  are: 

1.  The  use  of  a  new  preparation  derived  from  gmn  guaiac, 
which  possesses  the  merit  of  being  both  stable  and  sensitive. 

2.  Specific  directions  for  the  preparation  of  the  ether  extract. 

3.  The  use  of  perhydrol. 

The  method  was  applied  to  the  examination  of  over  500  speci- 
mens with  satisfactory  results. 
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.    THfi  PROTEINS  OF  COWS  MILK.* 

By  THOMAS  B.  OSBORNE  and  ALFRED  J.  WAKEMAN. 

With  the  Cooperation  op  Charles  S.  Leavenworth  and 
Owen  L.  Nolan. 

(From  the  Labtjrat(frifTff'the  ff^imehHcvX  AgrituXiitral  Expi^Xment'Sfafia^'^ 

(Received  for  publication,  November  22,  1917.) 

Although  casein  has  been  the  subject  of  numerous  investiga- 
tions during  the  past  fe\Y  years,  very  little  attention  has  been 
given  to  the  other  proteins  of  milk,  notwithstanding  the  fact 
that  the  published  data  regarding  these  are  comparatively 
meager.  The  reason  for  this  is  doubtless  based  on  the  idea, 
which  formerly  seems  to  have  been  held  generally,  that  since 
casein  forms  about  80  per  cent  of  the  total  protein  in  milk,  the 
other  proteins  have  such  a  subordinate  importance  in  nutrition 
that  a  special  investigation  of  them  is  not  important. 

Since  recent  studies  of  the  chemical  constitution,  as  well  as 
of  the  relative  nutritive  value  of  individual  proteins,  have  shown 
such  wide  differences  between  several  of  them,  and  especially 
since  the  heat-coagulable  protein  of  milk,  the  so  called  lactalbu- 
min,  has  appeared  to  be  preeminently  adapted  to  the  nutritional 
requirements  of  growing  animals,  it  has  seemed  worth  while  to 
learn  more  than  is  now  known  respecting  these  proteins.  This 
has  furthermore  become  important  in  view  of  the  now  generally 
recognized  fact  that  milk  contains  among  its  water-soluble  con- 
stituents the  so  called  vitamines,  which  are  essential  for  the 
growth  of  young,  as  well  as  for  the  continued  maintenance  of 
adult  animals. 

In  all  attempts  to  discover  the  nature  of  the  water-soluble 
vitamine  in  milk  it  is  essential  to  know  the  properties  and  pro- 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash-* 
ington,  D.  C. 
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portion  of  protein  which  remains  in  solution  after  removing 
casein  and  the  heat-coagulable  proteins,  for  until  we  know  how 
to  remove  this  we  cannot  expect  to  deal  successfully  with  the 
non-protein  nitrogenous  constituents  of  milk.  We  have  there- 
fore devoted  much  time  to  a  painstaking  study  of  this  .problem. 
No  attempt  will  be  made  to  review  the  literature  relating  to 
this  subject  which  has  appeared  in  widely  scattered  journals,  for 
in  most  cases  the  published  details  are  too  scanty  to  permit  a 
comparison  of  the  results  with  one  another,  or  with  those 
we  iNiTe  ofataiifted.  Rrfira-^nees  to  the  greater  part  of  this 
ML  be  foiBid  m  the  summanee  of  the  published  data 
relating  to  the  chemistry  of  milk.^ 

EXPERIMENTAL. 

4  Uters  of  skinuned  milk,  obtained  in  January  from  a  mixed 
herd  of  a  neighboring  dairy,  were  saturated  with  ammonium 
sulfate  and  the  precipitate  was  allowed  to  drain  over  night  on 
a  large  folded  paper.  It  was  then  ground  in  a  Nixtamal  mill 
with  water,  the  volume  brought  to  3  liters,  and  stirred  for  some 
time  until  all  was  dissolved  except  a  little  fat.  The  solu- 
tion was  then  filtered  through  a  dense  felt  of  paper  pulp  and 
the  latter  washed  with  water.  The  filtrate  was  opalescent,  but 
transparent.  The  proteins  were  again  separated  by  saturating 
with  ammonium  sulfate,  redissolved  in  4  liters  of  water,  and  the 
slightly  turbid  fluid  was  treated  with  about  600  cc.  of  1  per  cent 
sulfuric  acid  whfch  caused  the  casein  to  separate  sharply.  After 
standing  on  filters  over  night  in  a  cold  room,  protected  by  toluene, 
the  casein  contracted  to  a  dense  mass  and  retained  relatively 
little  of  the  solution. 

The  clear  filtrate  was  gradually  treated  with  ammonia  until 
neutral  to  litmus,  but  as  no  precipitate  formed,  the  absence  of 
unprecipitated  casein,  of  "acid  albumin,*'  and  also  of  calcium 
phosphate  was  demonstrated.  The  neutral  solution  was  acidified 
slightly  with  sulfuric  acid  and  saturated  with  ammonium  sulfate. 
The  precipitate  was  pressed  on  filter  paper,  dissolved  in  water, 

^  Raudnitz,  R.  W.,  Ergebn.  Physiol.,  1903,  ii,  193.  Rosenau,  M.  J.,  and 
others,  Bull.  Hyg.  Lab,,  U.  S.  P.M.,  No,  4/,  1908,  No.  66,  1909.  Lane- 
Claypon,  J.  E.,  Milk  and  Its  Hygienic  Relations,  London,  1916. 
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and  the  solution  filtered  through  a  felt  of  paper  pulp  to  remove 
traces  of  insoluble  matter.  The  filtrate  (about  1  liter)  was 
again  saturated  with  ammonium  sulfate  and  the  precipitate 
allowed  to  drain  on  filters  over  night.  When  dissolved  in 
water,  an. opalescent,  slightly  acid,  but  transparent  solution  was 
obtained.  A  little  of  this  when  dropped  into  inuch  distilled 
water  gave  a  turbidity  which  disappeared  on  stirring,  but  no 
degree  of  dilution  could  be  found  at  which  a  distinct  separation 
of  globulin  took  place.  After  saturating  this  solution  with 
ammonitiTn  solfate  the  precipitate  was  filtered  out  and  pressed  on 
fiher  paper  over  night  under  a  heavy  weight.  By  the  foregoing 
tieatm^it  the  precipitate,  whidh  consisted  of  all  of  the  milk 
proteins  except  those  removed  by  acidifjdng  the  milk,  was 
quite  thoroughly  freed  from  lactose  and  other  non-protein  con- 
stituents of  the  milk.  The  crumbly  precipitate  was  then  dis- 
solved in  water,  and,  in  order  to  cemove  globulin,  its  solution 
was  saturated  with  magnesium  sulfate.  The  resulting  precipi- 
tate, A,  was  filtered  out  and  treated  as  will  be  described  on 
page  11. 

Lactalbumin. 

A  sample  of  the  filtrate  from  the  globulin,  which  was  per- 
fectly neutral  to  litmus,  was  diluted  with  three  volumes  of  water 
and  heated  to  90*.  A  flocculent  coagulum  separated  very  slowly. 
Another  sample,  when  made  distinctly  acid  to  litmus  with 
acetic  acid,  behaved  in  the  same  way.  The  remaining  solution 
was  diluted  with  three  volmnes  of  water,  made  slightly  acid  to 
litmus  with  acetic  acid,  and  heated  to  boiling.  The  coagulum 
was  filtered  out,  washed  with  boiling  water  till  freed  from  sul- 
fate, then  with  dilute,  and  finally  with  absolute  alcohol,  and 
dried  over  sulfuric  acid.  This  preparation  of  coagulated  lactal- 
bmnin,  which  had  been  freed  from  globulin  by  saturating  its 
neutral  solution  with  magnesiiun  sulfate,  weighed  10.8  gm., 
contained  6.25  per  cent  of  moisture,  and  0.16  per  cent  of  ash. 
Its  composition,  ash-  and  moisture-free,  after  drying  at  110**, 
was: 
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Lactalbumin  Free  from  Globulin, 


Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Phosphorus 

Oxygen  (by  difference). 


Coaculated. 


52  il 
7.18 

15.38 

1.92 

Trace. 


n 


52.42 

7.01 

15.48 


Average. 


52.51 
7,10 

15.43 
1.92 

Trace. 

23.04 


KK).t)0 


Sebelien.* 


52.91 
7.18 

15.77 
1.73 
0.18 


In  harmony  with  the  fa<5t  that  this  co&gulated  preparation 
of  lactalbumin  contained  only  a  trace  of  phosphorus  we  found  that 
another  preparation  which  had  been  similarly  precipitated  by 
saturation  with  magnesium  sulfate,  but  had  not  been  coagulated 
by  heat,  when  extracted  with  alcohol  yielded  only  an  insignifi- 
cant amount  of  substance  resembUng  phosphatide,  and  that  this 
contained  only  a  trace  of  phosphorus.  It  is  thus  evident  that 
the  phosphatide,  which  we  previously  obtained  from  the  coagu- 
lated protein  of  milk,'  is  not  associated  with  the  purified  lact- 
albumin. 

The  filtrate  from  our  coagulated  lactalbumin  gave  a  slight 
fiocculent  precipitate  with  acetic  acid  and  potassium  ferrocyanide, 
showing  the  presence  of  a  very  little  still  uncoagulated  protein. 
That  a  very  complete  separation  of  globulin  from  albumin  is 
obtained  by  the  method  employed  in  making  this  preparation  is 
shown  by  the  results  of  anaphylaxis  experiments  made  by  H.  G. 
Wells  with  another  preparation  made  in  the  same  way,  except  that 
the  final  precipitation  of  the  albumin  was  effected  by  acidifying 
the  filtrate  from  the  globulin  precipitated  with  magnesium  sul- 
fate, instead  of  by  heating.  This  precipitate  was  freed  from  most 
of  the  adhering  solution  of  magnesium  sulfate  by  pressing  between 
layers  of  filter  paper,  and  was  then  dried  over  sulfuric  acid. 
The  preparation  thus  obtained,  which  still  contained  much 
magnesium  sulfate,  was  perfectly  soluble  in  water.  Guinea 
pigs  sensitized  by  this  preparation  were  promptly  killed  by  a 

'  Sebelien,  J.,  Z.  physiol  Chem.,  1885,  ix,  463. 

» Osborne,  T.  B.,  and  Wakeman,  A.  J.,  J.  Biol.  Chem.,  1915,  xxi,  539. 
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second  injection.  On  the  other  hand,  those  sensitized  with  a 
preparation  of  the  carefully  purified  globuhn  showed  no  reaction 
to  a  subsequent  injection  of  lactalbumin,  nor  were  they  protected 
againsC  a  later  injection  of  the  globulin,  for  animals  thus  treated 
died  within  a  few  minutes. 

Assuming  that  1  liter  of  whole  milk,  containing  3.5  per  cent 
of  fat,  is  equal  to  965  cc.  of  skimmed  milk,  the  10.11  gm.  of 
ash-  and  moisture-free  coagulated  lactalbmnin  obtained  in  this 
experiment  from  4  liters  of  skimmed  milk  are  equal  to  about  2.4 
gm.  per  Uter  of  the  original  whole  milk.  That  the  actual  amount 
of  lactalbumin  was  somewhat  greater  than  this  is  indicated  by 
facts  discussed  later  in  this  paper  in  connection  with  the  possible 
presence  of  proteoses  in  milk. . 

LactoglobuKn, 

In  order  to  remove  completely  lactalbumin  from  precipitate 
A  (page  9),  which  was  produced  by  saturating  the  neutral  solu- 
tion with  magnesium  sulfate,  this  was  dissolved  in  about  400  cc. 
of  water,  the  solution  again  saturated  with  magnesium  sulfate^ 
and  the  precipitate  filtered  out  and  pressed  very  thoroughly 
between  filter  paper.  After  repeating  this  process  the  final 
precipitate,  when  dissolved  in  about  250  cc.  of  water,  yielded 
a  brownish  colored,  strongly  opalescent,  but  transparent  solu- 
tion which  was  just  perceptibly  acid  to  delicate  litmus  paper. 
Dropped  into  much  distilled  water  a  cloud  formed  suggesting 
precipitation,  but  on  mixing  only  a  turbidity  remained.  When 
3  cc.  of  this  solution  were  mixed  with  3  cc.  of  water  4  or  5  drops 
of  1  per  cent  acetic  acid  and  0.5  cc.  of  20  per  cent  sodium  chloride 
solution,  a  coagulum  appeared  on  heating  to  71®,  which  sepa- 
rated in  much  finer  flocks  than  those  yielded  by  heating  a  solution 
of  lactalbumin.  After  heating  at  71-75®  for  a  short  time  the 
coagulum  was  filtered  out.  The  filtrate  gave  no  turbidity  on 
boihng  but  did  give  a  slight  precipitate  when  saturated  with 
ammonium  sulfate. 

The  main  solution  was  accordingly  diluted  with  water  to 
600  cc,  made  distinctly  acid  to  litmus  with  3  cc.  of  1  per  cent 
acetic  acid,  and  30  cc.  of  a  20  per  cent  sodium  chloride  solution 
were  added,  which  caused  opacity  in  thin  layers,  but  produced 
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no  visible  particles.  On  heating  to  72**  a  flocculent  coagulum 
formed  which  separated  so  imperfectly  that  centrifugation  was 
necessary  for  its  removal.  The  deposit  was  washed  free  from 
sulfate  by  centrifuging  several  times  with  water,  then*  with 
50  per  Cent  alcohol,  dehydrated  with  absolute  alcohol,  extracted 
with  ether,  and  dried  over  sulfuric  acid.  This  preparation 
weighed  2.4  gm.  and  contained  8.55  per  cent  of  moisture  (dried 
at  110°)  and  2.12  per  cent  of  ash.  This  is  equivalent  to  0.52 
gm.  of  moisture-  aad  ash-free  globulin  per  liter  of  whole  milk, 
assuming  that  1  liter  of  whole  milk  is  equivalent  to  965  cc.  of 
skimmed  milk.  Ash-  and  moisture-free,  this  preparation  had  the 
following  composition: 

Latloglobxdin  Free  Jfom  LaclaJhumin, 


Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Phosphorus 

Oxygen  (by  difference). 


51.92 
7.01 

15.47 
0.86 
0.24 


II 


51.85 

6.88 

15.40 


AveraffB. 


51.88 
6.96 

15.44 
0.86 
0.24 

24.62 


100.00 


Since  all  of  the  phosphorus  contained  in  this  preparation  was 
recovered  in  the  ash,  special  investigation  was  required  to  de- 
termine whether  this  belonged  to  phosphatides,  to  contaminat- 
ing phosphates,  or  to  other  phosphorus-containing  substances. 
Accordingly  another  preparation  was  made  from  6  liters  of 
centrifugated  milk  in  the  same  way  up  to  the  point  of  final  pre- 
cipitation with  magnesium  sulfate.  When  freed  from  almost 
all  of  the  adhering  solution  by  pressing  with  filter  paper,  it 
was  reduced  to  a  fine  powder  and  digested  for  a  long  time  with 
absolute  alcohol.  Dried  over  sulfuric  acid  this  preparation 
weighed  7.72  gm.  and  contained  7.21  per  cent  of  nitrogen,  equal 
to  3.6  gm.  of  globulin,  the  balance  being  magnesium  sulfate  and 
water.  The  alcoholic  extract  when  evaporated  left  a  residue 
weighing  0.1960  gm.,  thus  making  the  total  amount  of  the  magne- 
sium sulfate  precipitate  7.92  gm.    The  residue  from  the  alcoholic 
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extract  was  treated  with  ether,  which  dissolved  all  but  a  little 
finely  divided  white  substance.  This  latter  had  the  appearance 
characteristic  of  the  diaminophosphatide  which  we  previously 
obtained  under  similar  conditions  from  the  mixed  phosphatides 
extracted  from  the  coagulated  milk  protein.'  Without  filtering, 
the  ether  solution  was  poured  into  acetone  and  yielded  a  pre> 
cipitate  which  contained  phosphorus  equal  to  about  0.0800  gm. 
of  phosphatide,  equivalent  to  2.2  per  cent  of  the  lactoglobulin 
as  calculated  from  the  nitrogen  in  the  magnesiiun  sulfate  precipi- 
tate after  extraction  with  alcohol. 

The  preparation  of  lactoglobulin  coagulated  by  heat  and  ex- 
tracted with  alcohol  contained  0.24  per  cent  of  phosphorus, 
which  would  correspond  to  about  7  per  cent  of  phosphatide  if  all 
of  the  phosphorus  were  present  in  such  substances.  Owing  to 
the  presence  of  the  relatively  large  amount  of  magnesium  sulfate 
it  was  not  possible  to  determine  how  much  of  this  phosphorus 
belonged  to  inorganic  phosphates,  but  the  repeated  precipitations 
with  ammonium  sulfate  ought  to  havevremoved -this  completely. 

As  just  noted,  the  alcoholic  extract  of  the  uncoagulated  lacto- 
globulin contained  phosphorus  equal  to  2.2  per  cent  of  the 
globulin.  In  this  respect  a  similarity  exists  with  the  vitellin 
from  hen's  eggs  which  on  treatment  with  alcohol  yields  over 
20  per  cent  of  substance,  much  of  which  is  phosphatide,  while 
the  thoroughly  extracted  protein  contains  about  1  per  cent  of 
phosphorus.  It  is  possible  that  lactoglobulin  is  a  similar  lec- 
ithalbumin,  or  is  a  mixture  of  proteins,  one  or  more  of  which 
belongs  to  this  group.  Further  investigations  are  needed  before 
final  conclusions  can  be  reached  as  to  the  true  nature  of  this 
protein  which,  in  its  solubility  relations,  has  little  in  common 
with  most  other  globulins. 

These  results,  together  with  the  fact  that  the  coagulated 
lactalbumin  as  well  as  the  albumin  fraction  after  repeated  pre- 
cipitation with  magnesium  sulfate  'in  the  uncoagulated  state 
3rielded  only  a  trace  of  phosphorus,  show  that  phosphatides  are 
associated  only' with  the  lactoglobulin. 

Preliminary  tests  showed  that  the  filtrate  from  the  coagu- 
lated globulin  contained  protein  which,  even  after  adding  more 
sodium  chloride  or  acetic  acid,  could  not  be  caused  to  separate 
by  longer  heating.     A  liberal  quantity  of  alcohol  therefore  was 
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added  to  the  filtrate  from  the  coagulated  globulin,  and  the 
precipitate,  which  separated  after  long  standing,  was  filtered 
out  and  digested  with  water.  Since  the  resulting  gelatinous 
mass  could  not  be  washed  on  filter  paper  it  was  suspended  in 
about  400  cc.  of  90  per  cent  alcohol,  centrifuged,  washed  with 
absolute  alcohol,  and  dried  over  sulf\u*ic  acid.  This  prepara- 
tion (lactoglobulin?)  weighed  0.97  gm.,  equal  to  about  0.2  gm. 
per  liter  of  the  original  whole  milk. 

The  alcohol  which  had  been  in  contact  with  this  smaller  part 
of  the  magnesium  sulfate  precipitate  was  evaporated  and  the 
residual  solution  shaken  out  with  ether.  The  concentrated 
ethereal  extract  was  poured  into  acetone,  and  a  small  precipitate 
which  had  the  appearance  of  a  phosphatide  was  obtained. 

Proteoses  in  Milk, 

We  have  devoted  a  great  deal  of  time  to  determine  definitely 
whether  or  not  proteose  are  really  present  in  milk,  for  this 
question  is  not  only  of  interest  to  the  physiologist,  but  has  im- 
portance in  devising  methods  for  future  investigations  of  the 
non-protein  nitrogenous  constituents  of  milk,  as  well  as  for  mak- 
ing preparations  of  our  so  called  protein-free  milk  which  shall 
contain  less  protein  than  the  product  heretofore  employed. 
Since  our  numerous  experiments  have  yielded  no  results  from 
which  positive  conclusions  can  be  drawn  only  a  general  account 
of  their  outcome  need  be  given  here. 

By  proceeding  according  to  the  conventional  methods,  first 
removing  casein  by  precipitation  with  acid,  and  albumin  and 
globulin  by  boiling  the  acid  filtrate  from  the  casein,  some  protein 
has  always  been  found  in  solution.  Repeated  attempts  to  ob- 
tain suflScient  quantities  of  this  protein  for  detailed  examination 
showed  that  not  only  its  properties,  but  also  its  proportion  varied 
greatly  in  different  experiments,  and  in  many  ways  it  differed 
distinctly  from  typical  proteoses.  Our  experience  has  convinced 
us  that  the  protein  thus  escaping  coagulation  is  largely  derived 
from  some  one  or  other  of  the  milk  proteins  through  the  action 
of  the  reagents  used.  That  it  is  not  the  result  of  the  action  of 
enzymes  or  of  bacteria  in  the  milk  seems  to  be  excluded  by  the 
fact  that  centrifugated  milk,  saturated  with  ammonium  sulfate 
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within  an  hour  after  drawing  from  the  cow,  gave  a , precipitate 
which,  when  worked  up  as  rapidly  as  possible,  jdelded  substan- 
tially the  same  result  as  did  milk  12  hours  old  when  similarly 
treated.  The  acidity  of  the  filtrate  from  casein,  precipitated 
by  either  hydrochloric,  or  by  acetic  acid,  in  the  presence,  or 
absence,  of  phosphates,  or  of  sulfates  is  pH  =  4.6  ^  so  that  co- 
agulation in  most  of  our  experiments  took  place  at  practically 
the  same  degree  of  acidity.  At  this  degree  of  acidity  some 
alteration  of  the  globulin  or  albumin  may  take  place  during  the 
heating  necessary  to  coagulate  these  proteins.  We  have  found 
however,  that  if  fresh  milk  is  heated  to  boiling  before  acidifying 
and  casein  together  with  the  coagulated  proteins  is  subsequently 
removed  by  acidifying  and  filtering,  a  small  amount  of  uncoagu- 
lated  protein  still  remains  in  solution. 

No  method  that  we  have  as  yet  devised  has  enabled  us  to  obtain 
evidence  that  a  certain  but  relatively  very  small  amount  of  pro- 
teose may  not  be  an  original  constituent  of  cow's  milk.  In  our 
last  attempt  we  obtained  per  liter  of  milk  only  0.2  gm.  of  pro- 
tein resembling  proteose  although  mechanical  losses  were  at  the 
most  very  small.  Until  the  conditions  under  which  coagulation 
of  the  globulin  and  albumin  can  be  quantitatively  effected  are 
established  we  shall  not  be  in  a  position  to  determine  definitely 
whether  or  not  milk  contains  any  proteose. 

Siegfried's  ^*NxicleonJ^ 

Siegfried*  obtained  from  the  extract  of  horse  muscle  a  substance 
which  he  called  Fleischsdure,  This  he  beUeved  to  occur  in  com- 
bination with  phosphoric  acid,  which  compound  he  first  named 
Phosphorfleischsdure,  Since  Fleischsdure  appeared  to  be  identical 
with  antipeptone,*  Siegfried  later  proposed  to  call  the  phosphoric 
acid  combination  nucleon^  on  account  of  the  similarity  of  its 
products  of  hydrolysis  to  those  of  the  nucleins.  Nucleon  can  be 
precipitated  as  an  iron  compound,  carniferrin,  which  contains 

♦Cf.  Allemann,  O.,  Biochem.  Z.,  1912,  xlv,  346.  Michaelis,  L.,  and 
Pechstein,  H.,  ibid.,  1912,  xlvii,  260. 

*  Siegfried,  M.,  Ber,  Sdchs.  Gea.  Wissensch,  zu  Leipzig ,  Math,  u.  phy8, 
CloBse,  1893,  xlv,  486. 

•Siegfried,  Arch.  Physiol.,  1894,  401. 

^  Siegfried,  Ber.  chem,  Ges.,  1895,  xxviii,  515. 
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about  30  per  cent  of  iron,  is  soluble  in  an  excess  of  alkali,  and 
behaves  like  a  compound  of  protein  with  iron. 

Siegfried*  later  obtained  a  product  from  cow's  milk  which  he 
considered  to  be  identical  with  nucleon  from  muscle  extract, 
except  that  it  yielded  fermentation  lactic  acid  instead  of  para- 
lactic  acid,  when  hydrolyzed  with  baryta.  He  obtaine.d  this  by 
precipitating  casein  with  acid  and  the  coagulable  proteins  by  boil* 
ing.  After  removing  phosphates  by  adding  calcium  chloride  and 
anmionia,  and  neutralizing  the  filtered  solution,  carniferrin,  the 
iron  compound  of  nucleon,  was  precipitated  by  adding  ferric 
chloride  and  boiling. 

We  have  confirmed  Siegfried's  observation  by  applying  the 
above  procedure  to  milk  serum  from  which  the  proteins  and 
phosphates  had  been  removed  as  he  directs  and  much  of  the  lac- 
tose by  concentration  and  crystallization.  This  solution,  how- 
ever, contained  a  not  inconsiderable  quantity  of  proteose-like 
protein  which  could  be  separated  by  saturation  with  ammonium 
ijulfate  and  readily  obtained  almost  free  from  phosphorus  by 
treating  its  solution  with  baryta,  removing  the  latter  with  sulfuric 
acid,  and  precipitating  with  an  excess  of  alcohol,  a  procedure 
substantially  like  that  employed  by  Siegfried.  Practically  all  of 
this  proteose  was  included  in  the  precipitate  produced  by  adding 
ferric  chloride  and  boiling.  However,  although  a  considerable 
amount  of  ferric  chloride  could  be  added  to  the  filtrate  from  the 
precipitate  produced  by  saturating  with  ammoniuhi  sulfate 
before  a  reaction  with  ferrocyanide  occurred,  no  nucleon-like 
precipitate  could  be  obtained  in  this  solution  freed  from  proteose. 
Although  Siegfried  makes  no  statement  as  to  the  presence  or 
absence  of  proteose-like  substances  in  solution  after  removing 
coagulable  proteins  it  would  appear  that  he  did  not  realize  that 
such  were  present.  Since  he  took  no  step  to  remove  these,  our 
experience  leaves  little  doubt  that  such  protein  formed  a  part 
of  his  carniferrin.  It  is  to  be  noted  that  the  aqueous  extract  of 
ox  muscle  when  freed  from  coagulable  proteins  by  boiling  con- 
tains a  small  amount  of  protein  which  can  be  precipitated  by 
saturating  with  ammoniiun  sulfate. 

Our  work  with  milk  has  convinced  us  that  a  part  of  the  phos- 

« Siegfried,  Z.  phyaioL  Chem.,  1895-96,  xxi,  360. 
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phorus  of  the  serum  is  organically  combined  and  that  some  of 
this,  at  least,  is  precipitated  by  ferric  chloride  under  the  above 
conditions,  for  a  sample  of  the  camiferrin  precipitate  which  we 
obtained,  when  dissolved  in  cold  dilute  nitric  acid,  gradually  de- 
posited a  voluminous  Ught  yellowish  precipitate  on  standing  at 
room  temperature  with  no  evidence  of  the  formation  of  the  char- 
acteristic yellow  ammonium  phosphomolybdate,  whereas  an- 
other sample  did  not  give  the  yellow  precipitate  till  boiled  for 
some  minutes  and  this  gradually  increased  on  continued  boiling 
just  as  if  phosphoric  acid  were  being  liberated  by  hydrolysis. 
That  milk  serum,  freed  from  calcium  phosphate  by  neutralizing, 
still  contains  phosphorus  in  organic  combination  is  made  prob- 
able by  the  fact  that  when  this  is  acidified  and  boiled  a  precipi- 
tate of  calcium  phosphate  forms  when  the  solution  is  again  made 
alkaline. 

In  view  of  these  facts  it  is  our  opinion  that  the  nucleon  which 
Siegfried  obtained  from  milk  was  probably  a  mixture  of  un- 
coagulable  protein  and  some  still  imidentified  organic  substance 
which  yields  phosphoric  acid  on  hydrol3rsis. 

An  Alcohol-Soluble  Protein  in  Milk, 

From  the  alcoholic  washings  of  the  large  quantities  of  casein 
which  have  been  made  in  this  laboratory  we  have  isolated  several 
hundred  grams  of  a  protein  which  closely  resembles  gliadin  of 
wheat  in  its  solubility  in  alcohol  of  50  to  80  per  cent.  Although 
the  actual  amount  of  this  protein  in  milk  is  extremely  small,  the 
large  quantity  obtained  as  a  by-product  from  the  necessary 
processes  incident  to  our  feeding  experiments  seemed  to  justify 
a  special  investigation  of  its  phjrsical  and  chemical  peculiarities. 
The  results,  of  this  investigation,  which  will  form  the  subject 
of  a  subsequent  paper,  have  shown  that  this  protein  is  an  original 
constituent  of  milk  and  not  a  derivative  of  any  of  the  other 
proteins  contained  therein.  Since  preparations  have  been  ob- 
tained sb  far.  free  from  each  of  the  other  nulk  proteins  that  no 
evidence  of  such  contamination  could  be  detected  by  the  anaphy- 
laxis reaction,  we  feel  justified  in  regarding  it  as  a  new  constituent 
of  this  important  food  product. 
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A  NEW  HYDROGEN  ELECTRODE  FOR  THE   ELECTRO- 
METRIC  TITRATION  OF  THE  ALKALINE  RESERVE 
OF  BLOOD    PLASMA   AND    OTHER 
FROTHING  FLUIDS. 

By  J.  F.  McCLENDON. 

(From  the  PhysioloQical  Laboraiory  of  the  University  of  Minnesota  Medical 
School,  Minneapolis.) 

(Received  for  publication,  October  12,  1917.) 

Van  Slyke  and  Cullen  have  devised  a  practical  method  for  the 
determination  of  the  bicarbonate  reserve  of  plasma,  based  on 
Van  Slyke's  method  for  determining  total  COj.  The  method 
presented  in  this  paper  also  determines  the  bicarbonate,  but  by 
titration  of  the  alkali  instead  cf  by  the  determination  of  the  CO2 
of  the  NaHCOs  molecule. 

At  present  the  most  accurate  method  of  titrating  the  blood 
alkali  against  acid  to  a  definite  end-point  is  afforded  by  the  gas 
chain,  since  the  end-points  of  indicators  are  rendered  indefinite 
by  the  proteins  present.  With  the  electrometric  technique  one 
may  choose  between  two  modes  of  titration,  (1)  adding  a  definite 
amount  of  acid  and  measuring  the  change  in  pH,  or  (2)  as  in  ordi- 
nary alkalimetry,  adding  as  much  acid  from  a  burette  as  is  neces- 
sary to  obtain  a  definite  pH.  Cullen  (1917)  in  a  recent  paper 
has  used  the  former  method.  The  latter,  however,  has  the  ad- 
vantage that  it  permits  one  to  choose  an  end-point  so  near  the 
pH  of  circulating  blood  that  comparatively  little  of  the  acid  added 
combines  with  proteins  and  phosphates,  so  that  only  the  bicar- 
bonate is  titrated. 

In  this  paper  apparatus  is  described  for  a  convenient  electro- 
metric  titration  by  addition  of  acid  until  a  desired  end-point  is 
reached.  As  end-point  we  have  chosen  the  pH  of  water,  which  is 
7.00  at  23°.  During  the  titration  the  free  carbonic  acid  is  reduced 
to  approximately  zero  by  washing  out  with  hydrogen  gas.  Under 
these  conditions  (pH  =  7.0,  HjCOa  concentration  =   0)  all  the 
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NaHCOt  is  changed  to  NaCI  before  the  end-pcnnt  ia  permanently 

H,CO, 
attained;  i.e.,  for  pH  «  7  the  ratio  ^t  rrr^r^  must  be  about  |. 
*^  NaHCOi  ^ 

If,  by  washing  out  the  CX>i  gas,  the  HsCOa  is  reduced  to  an  in- 

finitesima]  value,  the  NaHCOt  is  also  reduced  to  approximately 

zero. 

The  effect  of  the  titnttion  therefore  is  to  add  sufficient  HCl 
to  change  all  the  NaHCQi  into  NaCl.  The  phosphates  of  the 
serum  have  a  negligible  effect  on  the  titration.  They  are  nor- 
mally only  about  ^  themolecular  concentration  of  the  bicarbonate, 
and » change  of  pH  from  7.4  to  7.0  changes  only  about  one-fifth 
of  the  phosphate  |»esent  from  NaHPOi  to  NaH«P04.  The 
neutralizing  power  exerted  by  the  serum  proteins  for  the  same 
pH  change  is  calculated  by  Henderson  to  be  equal  to  that  of 
about  0.001  N  alkali,  while  the  bicarbonate  is  normally  about 
30  times  as  concentrated.  Since  the  effect  of  the  chief  known 
buffers  of  the  serum  (aside  from  bicarbonate),  vie.,  phosphate 
and  proteins,  on  the  titration  is  calculated  at  only  tH  and  Vir  re- 
spectively of  the  bicarbonate  effect,  the  assumption  appears 
justified  that  our  titration  measujres  the  serum  bicarbonate  with 
a  very  slight  error.  As  a  matter  of  fact,  we  find  that  the  amounts 
of  acid  required  in  our  dectrometric  titration  of  normal  human 
serum  are  equivalent  to  an  alkali  concentration  of  0.030  n, 
which  corresponds  almost  exactiy  to  the  average  bicarbonate 
concentration  of  normal  plasma  (65  volume  per  cent  CO2  =  0.029  n) 
foimd  by  Van  Slyke  and  Cullen  as  a  result  of  direct  gasometric 
determination  of  the  CX>i  portion  of  the  bicarbonate  molecule. 

In  titrating  plasma,  I  have  used  the  rotating  electrode  (Mc- 
Clendon,  1917,  6)  tiius  avoiding  frothing  and  eliminating  the 
necessity  of  pimiping,  bat  it  was  necessary  to  disconnect  the 
electrode  every  time  more  add  wa^  added.  It  seemed  necessary, 
therefore,  to  devise  an  dectrode  into  which  acid  could  be  run  and 
through  which  hydrogpn  (or  Hj-COj  mixture)  could  be  run  with- 
out disconnection  from  the  potentiometer. 

After  some  preliminary  forms  of  electrode  had  been  tried,  the 
rotating  electrode  shown  in  Fig.  1  was  found  satisfactory.  The 
electrode  vessel  is  cylindrical  (30  X  36  mm.)  with  an  opening 
10  mm.  in  diameter  in  one  end  and  the  other  end  cemented  to  a 
cork  pulley  with  sealing-wax,  and  the  whole  mounted  in  a  wooden 
frame  so  as  to  rotate  on  a  horizontal  axis.    Through  the  open  end 
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of  the  cylinder  is  passed  a  large  glass  tube  that  fits  snugly  in  the 
hole.  Inside  the  large  tube,  three  small  ^ass  tubes  and  a  rubber 
tube  are  passed  and  cemented  in  with  sealing-wax.    The  rubber 

r-1 


Fig.  1. 

tube  is  1  mm.  bore  and  filled  with  a  saturated  KCl  solution. 
The  inner  end  hangs  down  in  the  cylinder  and  is  closed  with  a  bit 
of  match  that  had  been  boiled  in  saturated  KCl  solution.    The 
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outer  end  dips  into  a  reservoir  of  saturated  KCl  solution  con- 
nected with  the  saturated  KCl-calomel  electrode.  The  electrode 
proper  is  of  gold  coated  with  palladium  black  and  connected  to 
a  platinum  wire  fused  in  one  of  the  glass  tubes.  The  wire  is 
connected  with  the  potentiometer.  Lead  glass  was  not  used  in 
sealing  in  the  platinum  wire  owing  to  danger  of  reduction  of  lead 
thus  making  the  platinum  brittle.  The  1  nmi.  glass  tube  was 
narrowed  at  one  end  so  that  the  platinum  wire  would  just  go 
through.  After  insertion  of  the  wire,  a  moment's  heating  in  a 
tiny  blast  flame  sealed  it  in  the  end  of  the  glass  tube.  About 
12  mm.  of  the  platinum  wire  were  allowed  to  protrude  and  a 
gold  bead  was  fused  on  the  end  of  it.  This  was  accomplished  by 
holding  the  end  of  a  gold  wire  in  a  small  Bunsen  flame  imtil  a 
bead  of  the  proper  size  formed,  and  advancing  the  end  of  the 
platinum  wire  into  the  flame  until  it  touched  the  gold  bead,  then 
withdrawing  it  quickly.  The  gold  bead  was  hanunered  to  a  disc. 
The  finished  electrode  was  put  in  place  so  that  the  gold  disc  himg 
down  in  the  electrode  vessel.  Another  glass  tube,  1  mm.  bore, 
was  drawn  to  a  dropping  tip  inside  the  electrode  vessel  and  the 
outer  end  connected  with  a  rubber  tube  of  1  mm.  bore  closed  by 
a  Langenbeck  clip  and  connected  with  a  1  cc.  pipette  graduated 
in  hundredths  and  filled  with  0.1  n  HCl  or  NaOH  and  used  as  a 
micro-burette.  A  glass  tube  of  about  3  mm.  bore  served  for  the 
admission  of  hydrogen. 

In  setting  up  the  apparatus,  the  frame  was  set  in  place  and 
weighted  with  lead  so  as  to  remain  in  position.  1  cc.  of  plasma 
was  run  into  the  electrode  vessel  and  it  was  put  in  place  by  insert- 
ing the  axle  of  the  cork  pulley  in  the  vertical  slot  in  the  frame 
made  to  receive  it.  The  cork  pulley  was  connected  by  means  of  a 
string  belt  to  a  Tiflfany  motor.  The  micro-burette  and  connect- 
ing tube  were  filled  with  HCl  and  the  rubber  tube  was  filled  with 
a  saturated  solution  of  KCl.  The  gold  disc  was  coated  with 
palladium  black  by  electrolysis  with  a  2  volt  current  and  a  fairly 
strong  solution  of  palladium  chloride.  When  this  solution  be- 
came yellow  it  was  evaporated  until  it  appeared  light  brown  in  a 
layer  about  2  cm.  thick.  The  electrode  was  sprayed  a  moment 
with  distilled  water  and  the  10  mm.  glass  tube  containing  the 
four  smaller  tubes  carefully  inserted  through  the  hole  in  the 
wooden  frame  and  the  hole  in  the  electrode  vessel.  The  10  mm. 
tube  fits  tight  in  the  hole  in  the  frame  and,  owing  to  the  downward 
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bending  of  the  small  tubes,  cannot  be  shoved  straight  in  but 
must  be  started  at  an  angle,  and  during  the  process  the  disc  must 
not  be  allowed  to  dry  or  to  touch  any  solid  object.  The  operation 
is  easier  than  it  may  seem.  The  3  mm.  glass  tube  is  connected 
with  a  supply  of  hydrogen  washed  with  HgClj,  alkaline  pyrogallol, 
and  distilled  water,  and  a  yigorous  stream  of  the  gas  passed 
through  the  electrode  vessel.  The  Tiffany  motor  is  started  and 
the  electrode  vessel  rotated  so  as  to  spread  the  plasma  on  its 
walls,  at  the  same  time  leaving  enough  in  the  bottom  to  cover  the 
disc.  If  any  portion  of  the  disc  dries  or  gets  a  clot  on  it,  it  must 
be  cleaned  and  recovered  with  palladium  black.  Readings  are 
taken  with  the  potentiometer  and  acid  is  run  in  while  the  vessel 
rotates.  A  455  ohm  galvanometer  was  used  and  a  balance  with 
the  potentiometer  took  but  a  few  seconds.  The  palladium  black 
was  removed  each  day  by  inserting  the  disc  for  a  moment  in 
aqua  regia  and  spraying  with  distilled  water,  and  was  then  de- 
posited again.  Since  this  can  be  done  so  quickly  and  without 
disconnecting  the  pipette  or  hydrogen  tube  or  emptying  the 
rubber  tube  of  a  saturated  solution  of  KCl,  I  have  not  attempted 
to  determine  the  length  of  life  of  a  coating  of  palladium  black. 
Platinum  black  has  lasted  longer  in  other  electrodes  but  is  not  so 
easily  removed.  The  gold  disc  may  be  dispensed  with,  but  in 
order  to  get  surface  it  is  well  to  use  a  thick  platinum  wire,  and  a 
thick  wire  is  liable  to  cause  the  1  mm.  glass  tube  to  crack.  I 
tried  sealing  a  thick  platinum  wire  into  the  glass  tube  with  paraflSn, 
and  foimd  that  it  worked  for  a  few  determinations.  It  could  be 
coated  with  platinum  black  and  cleaned  by  pulling  it  out  of  the 
paraflSn  and  holding  it  in  a  flame.  In  putting  it  back,  if  great 
care  was  not  used  to  see  that  the  paraflSn  seal  was  perfect,  mois- 
ture sometimes  got  into  the  glass  tube  and  threw  out  the  readings. 
Some  platinic  chloride  solution  that  had  been  used  for  conductivity 
electrodes  and  had  perhaps  been  contaminated  with  heavy 
metals,  when  used  to  platinize  the  hydrogen  electrode;  gave  errone- 
ous readings. 

The  end-point  chosen  for  the  titration  was  the  pH  of  pure  water 
which  is  about  7.03  at  20°,  7.00  at  22-23°,  and  6.95  at  25°.  The 
titrations  were  made  at  23°. 

The  time  required  for  a  titration  is  not  prohibitive  for  routine 
work.  The  collection,  oxalation,  and  centrifugation  of  the  blood 
under  precautions  to  avoid  the  loss  of  CO2  must  be  done  in  any 
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method.  Measuring  1  cc.  of  the  oxalated  plasma  into  the  electrode 
vessel  and  cleaning  and  recoating  the  disc  takes  but  a  few  moments. 
If  0.4  cc.  of  0.1  N  HCl  is  added  at  the  start  the  titration  back  with 
alkali  takes  4  minutes.  If  the  titration  is  made  with  HCl  the 
speed  with  which  the  pH  rises  after  the  addition  of  acid  indicates 
the  amount  of  acid  that  it  is  safe  to  drop  in  the  next  time.  The 
following  example  shows  the  time  required  for  titration  to  the 
nearest  hundredth  of  a  cc.  The  final  two  pH  readings  give  a  pos- 
sible method  for  estimating  to  thousandths  of  a  cc,  but  whether 
such  an  estimation  can  be  dupUcated  has  not  been  determined. 
In  some  cases  a  weaker  HCl  solution  was  used  to  ensure  more 
accurate  volumetric  measurement.  In  the  following  table,  since 
seconds  are  not  recorded,  in  some  cases,  two  operations  are  placed 
opposite  the  same  minute. 


Hour,  p.m. 

Burette  reading. 

pH 

Hour,  p.m. 

Burette  reading. 

pH 

3.49 

0.1 

3.54 

6.96 

3.50 

7.50 

3.55 

7.00 

3.50 

0.2 

3.56 

7.02 

3.51 

7.30 

3.56 

0.31 

3.51 

0.3 

3.57 

6.85 

3.52 

6.50 

4.00 

6.87 

3.53 

6.90 

4.05 

6.87 

The  titration  in  this  case  took  16  minutes  and  the  alkaline 
reserve  was  found  to  be  between  0.03  and  0.031  n.  It  is  not  al- 
ways possible  to  find  the  end-point  with  only  four  additions  of 
acid,  but  it  is  only  after  the  last  two  burette  readings  that  it  is 
necessary  to  wait  for  the  definitive  pH  to  be  reached.  In  the 
following  titration  six  additions  of  acid  were  required  but  the 
time  spent  was  the  same. 


Hour,  a.m. 

BuroUe  reading. 

pH 

Hour.  a.m. 

Burette  reading. 

pH 

10.15 

0.1 

10.21 

7.05 

10.16 

7.4 

10.21 

0.32 

10.16 

0.2 

10.22 

6.95 

10.17 

7.20 

10.25 

7.05 

10.17 

0.25 

10.25 

0.33 

10.18 

7.10 

10.26 

6.85 

10.18 

0.30 

10.30 

6.85 

10.19 

6.70 
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The  whole  of  15  minutes  need  not  be  spent  in  titration  as  it  is 
possible  so  to  regulate  the  readings  that  practically  all  of  the 
last  10  minutes  may  be  spent  in  doing  other  things. 

In  the  above  titrations,  the  pH  of  pure  water  was  taken  arbi- 
trarily as  the  end-point.  This  method  gives  at  least  comparative 
values  and  probably  is  not  far  from  the  true  end-point,  since  it 
should  at  least  determine  the  bicarbonate.  It  is  impossible  to 
titrate  the  phosphates,  as  a  pH  of  about  3  to  4  would  be  neces- 
sary to  decompose  them,  and  at  this  pH  tl^e  proteins  would  bind 
acid.  The  isoelectric  point  of  senmi  albumin  is  at  pH  =  4.7, 
and  of  senun  globulin  pH  =  5.4,  and  these  proteins  should  not 
bind  acid  or  alkali  at  their  isoelectric  points.  These  proteins 
may  bind  some  alkali  at  pH  =^  7  and  therefore  it  might  seem 
best  to  use  the  mean  of  their  isoelectric  points  as  the  end-point  for 
titration.  It  is  necessary,  however,  to  use  about  a  third  more  acid 
in  order  to  do  this  and  it  seems  improbable  that  the  proteins 
bind  a  fourth  of  the  alkali  at  pH  =  7.  There  may  be  other 
ampholytes  in  the  plasma  with  very  diflferent  isoelectric  points, 
since  the  concentration  of  diffusible  phosphates  is  not  sufficient 
to  account  for  this  large  acid-binding  poweri  According  to  a 
rough  calculation,  the  pH  of  distilled  water  under  an  atmosphere 
containing  5  per  cent  COj  should  be  near  the  isoelectric  points  of 
serum  proteins.  It  would  seem  of  interest,  therefore,  to  compare 
the  titration  of  plasma  under  hydrogen  with  that  under  hydrogen 
containing  5  per  cent  COj.  Owing  to  the  fact  that  no  tanks  were 
at  hand  and  my  gas  mixer  holds  only  1  liter,  I  was  not  sure  that 
equilibrium  was  reached.  A  sample  of  plasma  was  titrated  while 
Hs  was  passing  and  pH  =  7.00  was  maintained  after  0.33  cc.  of 
acid  had  been  nm  in.  By  means  of  aS-way  cock,  Hj  -H  5  per 
cent  CO2  was  substituted  and  the  change  in  pH  noted  while  a 
liter  of  the  mixture  passed  through  the  electrode  vessel.  The 
pH  gradually  fell,  finally  reaching  6.3.  Since  this  is  still  far 
removed  from  the  isoelectric  point  of  the  proteins,  it  seems 
probable  that  sotaie  other  buffer  action  is  present  but  whether  the 
phosphates  could  account  for  this  buffer  action  was  not  determined. 

In  the  electrometric  titration  of  many  solutions  the  end-point 
is  marked  by  a  more  or  less  distinct  angle  in  the  pH  curve  and  it 
was  thought  advisable  to  plot  these  curves  for  plasma.  The 
curves  plotted  by  Cullen  are  almost  straight  lines  and  therefore 
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it  would  be  necessary  to  remove  more  of  the  CO2  than  is  accom- 
plished by  Cullen's  method  in  order  to  show  an  angle  or  an  asymp- 
tote. This  removal  of  COa  is  rapid  at  first  but  becomes  slower 
and  slower. 

In  the  following  table  the  number  of  minutes  between  dropping 
in  the  acid  and  measuring  the  pH  is  recorded. 


Min. 

pH 

Buretto  reading. 

Blin. 

pH 

Burette 
raadins. 

8.30 

00 

0.3 

00 

0  2 

1 

7.20 

1 

6.70 

10 

7.35 

5 

7.00 

15 

7.35 

10 

7.13 

00 

0.4 

15 

7.36 

1 

6.00 

20 

7.50 

5 

6.05 

25 

7.65 

10 

6.07 

35 

7.93 

15 

6.07 

40 

8.02 

The  above  table  merely  shows  that  40  minutes  is  not  enough 
for  the  elimination  of  the  COj  when  an  appreciable  amoimt  of  the 
alkali  is  left  in  the  plasma.  The  following  table  shows  a  similar 
experiment. 


Min. 

pH 

% 

Burette  reading. 

Min. 

pH 

Burette 
reftding. 

8.04 

10 

7.30 

00 

0.10 

15 

7.31 

1 

7.30 

00 

0.31 

2 

7.65 

1 

6.65 

4 

7.80 

5 

6.73 

5 

7.85 

10 

6.73 

10 

7.90 

00 

.  0.35 

15 

7.92 

1 

6.15 

20 

7.93 

10 

6.15 

30 

7.94 

00 

0.40 

00 

0.20 

1 

5.45 

1 

7.00 

5 

5.50 

2 

7.45 

00 

0.50 

10 

7.55 

1 

4.75 

20 

7.56 

13 

4.75 

00 

0.25 

00 

0.60 

1 

7.10 

1 

4.40 

3 

7.20 

7 

4.40 

Digitized  by 


Google 


J.  F.  McClendon 


27 


In  the  above  table  the  rate  of  rise  of  pH  with  washing  out  of 
COi  was  slower  than  in  the  previous  experiment,  probably  due  to 
less  rapid  flow  of  hydrogen.  Somewhere '  between  pH  5.4  and 
4.4  the  proteins  coagulated,  presumably  at  the  isoelectric  point. 
This  experiment  shows  the  acid-binding  power  of  the  proteins 
after  their  isoelectric  points  have  been  reached  by  the  slow  change 
in  pH  on  dropping  in  more  acid,  the  last  0.1  cc.  of  acid  changing 
the  pH  only  0.35. 

It  seems  to  be  impracticable  to  determine  the  alkaline  side  of 
the  titration  curve  of  plasma  on  titration  with  acid,  and  a  far 
better  way  is  the  addition  of  an  excess  of  acid  at  first  and  titration 
with  C02-free  NaOH.  In  the  following  experiment,  0.4  cc.  of 
0.1  N  HCl  were  added  to  1  cc.  of  plasma  and  titrated  with  0.1  n 
NaOH.  The  blood  had  been  exposed  to  air  and  hence  the 
alkaline  reserve  of  the  plasma  was  not  normal. 


NaOH 

pH 

NaOH 

pH 

cc. 

cc. 

0.00 

5.40 

0.25 

9.02 

0.05 

5.92 

0.30 

9.43 

0.10 

6.57 

0.35 

9.76 

0.125 

7.00 

0.40 

10.02 

0.15 

7.42 

0.45 

10.24 

0.20 

8.32 

0.50 

10.42 

On  plotting  these  data  a  logarithmic  titration  curve  is  pro- 
duced which  shows,  however,  considerable  buffer  effect.  After 
the  alkaU  is  dropped  in  and  well  mixed  by  tilting  the  apparatus 
and  by  the  rotation,  a  fall  of  potential  of  less  than  2  millivolts 
is  noted.  This  effect  increases  as  the  alkalinity  increases  and 
may  be  due  to  a  slow  process  of  combination  of  alkali  with 
protein.  No  argument  can  be  deduced  from  this  curve  to  show 
that  some  other  pH  than  7  is  a  more  logical  end-point  for  titra- 
tion. It  may  be  noted  that  when  the  alkali  equivalent  of  the 
acid  is  dropped  in  the  pH  rises  to  10.  Plasma  should  reach  this 
pH  on  driving  out  the  COj  with  hydrogen,  but  it  would  take  a 
long  time  to  accomplish  it. 

On  adding  an  excess  of  acid  to  drive  out  the  CO2  it  is  necessary 
to  allow  the  vessel  to  rotate  and  a  rapid  stream  of  hydrogen  to 
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flow  about  5  minutes  or  more  before  beginning  to  titrate  back 
with  NaOH.  The  following  table  gives  the  minutes  required, 
as  shown  by  the  rise  in'  pH  to  an  equilibrium. 


Min. 

pH 

Min. 

pH 

1 

4.75 

5 

5.40 

2 

6.15 

6 

5.40 

3 

5.30 

7 

5.40 

4 

5.35 

8 

5.40 

Determinations  may  be  made  on  0.1  to  0.5  cc.  of  plasma  using 
0.01  N  HCl  or  NaOH.  If  the  plasma  does  not  cover  the  disc, 
it  must  be  diluted  with  1  per  cent  KCl  solution  until  it  covers 
the  disc. 

No  imdoubted  cases  of  acidosis  have  yet  been  studied  although 
I  have  agreed  to  do  so.  Plasma  of  lowered  alkaline  reserve  was 
obtained  by  allowing  the  COj  to  escape  from  the  blood  before 
centrifugation.  Two  such  experiments  gave  the  alkaline  reserve 
to  equal  0.017  and  0.02  n  respectively,  but  the  alkaline  reserve 
before  exposure  to  air  was  not  determined.  As  may  be  seen  in 
the  above  pages,  the  normal  seems  to  be  about  0.03  if  pH  =  7 
is  taken  as  the  end-point.  I  do  not,  however,  know  the  average 
normal  and  merely  suppose  certain  samples  to  be  normal  since 
they  were  taken  from  patients  without  sjrmptoms  of  acidosis. 
Van  Slyke  and  Cullen  give  the  average  normal  chemically  bound 
CO2  as  65  volume  per  cent,  which  I  interpret  as  0.029  n  (since 
22.4  liters  of  COj  dissolved  in  1  Uter  of  1  n  NaOH  would  make  a 
1  N  solution  of  NaHCOa). 

It  was  found  that  plasma  kept  for  hours  at  room  temperature 
and  then  placed  in  the  refrigerator  over  night  presented  no 
difficulties  the  next  day.  Plasma  kept  36  hours  at  room  tempera- 
ture poisoned  the  hydrogen  electrode  so  that  no  readings  could  be 
made.  No  H2S  was  detected  in  this  plasma,  and  the  substance 
affecting  the  electrode  was  not  determined. 

My  thanks  are  due  to  members  of  the  staff  of  the  University 
Hospital  for  drawing  samples  of  blood. 
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APPLICATIONS  OF  GAS  ANALYSIS. 

IV.    THE  HALDANE  GAS  ANALYZER. 

By  YANDELL  HENDERSON. 

{From  the  Physiological  Laboratory,  Yale  Medical  School,  New  HaverD 

(Received  for  publication,  October  30,  1917.) 

This  apparatus  has  such  marked  advantages  for  precise  analysis 
of  gas  mixtures  containing  less  than  30  per  cent  of  oxygen,  COs, 
and  other  absorbable  or  oxidizable  gases  that  it  has  become  the 
standard  instnmient.  Nevertheless  it  has  several  features  in 
which  experience  in  this  laboratory  has  shown  that  it  may  be 
simplified  with  advantage.  The  form  of  apparatus  shown  in 
Fig.  1  is  the  result  of  this  experience.  The  advantage  of  this  form 
is  not  in  its  use  during  analysis, — ^for  this  involves  no  significant 
change, — but  chiefly  in  the  ease  with  which  it  can  be  taken 
apart  and  cleaned  (a  feature  in  which  the  usual  form  of  the 
apparatus  is  a  source  of  much  annoyance  and  waste  of  time), 
and  in  the  lessened  liability  to  "frozen"  cocks  and  breakage. 
It  has  a  minimum  of  rubber  connections  and  only  one  glass  stop- 
cock. (I  have  also  tried  out  an  apparatus  with  connections  of 
glass  tubing  of  only  0.7  mm.  bore,  but  have  found  this  too  small. 
The  usual  bore  of  1.1  to  1.3  mm.  is  best.) 

The  particular  features  of  this  form  of  the  apparatus  are:  (1) 
a  4-way  glass  stop-cock  shown  in  Fig.  2;  (2)  the  adjustment  of 
the  volume  of  the  control  tube  by  means  of  a  screw  pinch-cook 
on  a  bit  of  rubber  tubing  on  the  lower  end  of  the  tube;  (3)  two 
large  test-tubes  in  which  the  absdrbents  KOH  or  NaOH  and 
potassium  pyrogallate*  are  placed.  The  fine  adjustment  of 
pressure-volume  is  made  by  raising  or  lowering  the  test-tube 
containing  the  alkali.  For  the  oxygen  absorption  the  test-tube 
containing  the  pyrogallate  may  be  raised  and  lowered,  to  avoid 

*  Sodium  pyrogallate  (as  described  by  Shipley,  J.  W.,  /.  Am,  Chem, 
Soc,,  1916,  xxxviii,  1687)  has  not  proved  satisfactory  in  this  instrument. 
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the  fatiguing  elevations  of  the  mercury  bulb.  In  use  the  pyro- 
gallate  solution  is  covered  with  a  layer  of  petroleum  oil  sufficiently 
deep  to  protect  it  fjrom  the  outside  air.  The  lower  ends  of  the 
pieces  of  glass  tubing  in  the  pyrogallate  must  be  cut  or  broken 
diagonally.  The  control  tube  may  be  directly  back  of  the  gas 
burette  instead  of  to  one  side  as  in  the  figure. 

It  will  be  noticed  that  the  water  jacket  enclosing  the  gas  burette  and 
the  control  tube  has  been  shortened  so  as  to  include  little  more  than  the 


Fk;.  2. 

bulbs  and  upper  parts.  This  is  allowable  because  the  object  of  the  water 
jacket  is  not  to  keep  the  temperature  constant  but  to  make  it  possible  by 
stirring  or  bubbling  the  water  to  bring  the  air  in  the  two  bulbs  to  the  same 
temperature  and  water  vapor  tension  at  the  time  of  an  observation.  It  is 
extremely  hard  on  the  eyes  to  read  a  fine  burette  accurately  through  the 
glass  and  water  of  a  long  jacket.  A  small  magnifying  glass  arranged  to 
slide  on  the  tube  of  the  gas  burette  is  convenient.*  In  all  other  re- 
spects the  apparatus,  the  technique,  and  precautions  on  its  use  are  the 

*  Wm.  Gaertner  and  Company,  5345  Lake  Park  Avenue,  Chicago,  make  a 
convenient  form  (Catalog  No.  C1365). 
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same  as  with  the  usual  form  of  instrument.'  Attention  may  however 
be  called  to  one  or  two  points  which  are  often  overlooked. 

Red  rubber  should  not  be  used  on  the  connections  where  alkali  may 
touch  it,  as  it  gives  off  sulfur  which  may  finally  appear  as  hydrogen  sul- 
fide in  the  burette. 

To  make  the  rubber  connections  tight  (in  case  of  leakage)  it  is  conven- 
ient to  wrap  them  with  elastic  bands.  Loop  the  band  around  the  rubber 
tube,  pull  tight,  and  wrap  the  free  end  around  the  tube  several  times. 
Pass  a  small  ciirved  forceps  under  the  wrapping,  catch  the  end  of  the 
rubber  band  over  the  points  of  the  forceps,  and  twist  the  end  under  the 
wrapping  by  withdrawing  the  forceps.  This  is  a  much  better  method  of 
making  joints  tight  than  wrapping  them  with  wire. 

The  walls  of  th6  burette  should  always  be  moistened  with  a  fraction  of  a 
drop  of  1  per  cent  sulfuric  acid,  and  2  or  3  cc.  of  this  fluid  should  be  placed 
in  the  control  tube. 

The  analyst  must  remember  that  accuracy  in  the  use  of  the  instrument 
does  not  depend  upon  an  extreme  effort  to  read  the  burette  as  finely  as 
possible,  but  rather  upon  making  sure  that  the  absorptions  are  complete. 
It  is  essential  therefore  frequently  after  an  analysis  is  supposedly  com- 
plete to  pass  the  gas  over  again  into  the  absorbent  and  make  another 
reading  to  be  sure  that  no  change  occurs. 

A  check  on  calibration,  tightness  of  joints,  and  efficiency  of  absorbents 
which  should  be  used  daily  is  to  make  an  analysis  of  atmospheric  air.  If 
the  apparatus  is  properly  graduated  and  in  good  order  the  sum  of  the 
oxygen  and  COs  in  uncontaminated  atmospheric  air  should  be  found 
20.96  per  cent,  with  an  allowable  error  of  *  0.03  per  cent. 

The  method  of  graduation  used  by  most  American  glass  blowers  is  far 
too  rough  and  inaccurate  for  the  precision  requisite  for  this  instrument. 
Thus  in  some  burettes  of  this  type  made  in  America  I  have  found  the 
errors  of  graduation  ten  or  even  twenty  times  as  great  as  are  allowable 
(giving  an  analysis  of  ordinary  air  at  21.20  per  cent  oxygen  or  worse). 
The  absolute  error  of  the  instrument  was  only  0.1  cc.  and  this  is  not  greater 
than  i9  quite  common  and  is  allowable  for  common  purposes  in  an  ordinary 
titration  burette.  For  the  calibration  of  the  gas  burette  the  glass  blower 
must  not  use  water  but  mercury.  The  standard  burette  against  which 
he  calibrates  must  be  of  at  least  as  fine  bore  as  that  of  the  tube  of  the 
burette  to  be  calibrated.  The  i^andard  burette  must  have  been  cali- 
brated with  weighed  amounts  of  mercury  and  no  mark  on  the  burette 
purchased  should  have  an  error  greater  than  0.005  cc. 

The  purchaser  of  a  burette  should  test  it  before  assembling  by  invert- 
ing the  burette,  connecting  it  with  a  reservoir  of  mercury,  filling  to  the 
7,  8,  9,  and  10  cc.  marks,  respectively,  pouring  this  mercury  into  a  small 
tarred  beaker,  and  weighing.  1  cc.  of  mercury  at  room  temperature 
(18**C.^  weighs  13.55  gm.  An  allowance  of  0.004  cc.  may  be  made  for  the 
reversal  of  the  convexity  of  the  meniscus  in  the  inverted  burette. 

>  Haldane,  J.  S.,  Methods  of  Air  Analysis,  London,  1912. 
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The  correctness  of  the  graduation  of  the  tube  of  the  burette  is  most 
easily  checked  by  drawing  in  on  top  of  the  mercury  about  0.5  cc.  of  water. 
By  raising  and  lowering  the  mercury  and  reading  the  air-water  and  water- 


Fio.  3. 

mercury  menisci  at  various  levels  (allowing  time  for  the  water  to  drain 
from  the  sides),  errors  of  graduation  due  to  irregularities  in  the  caliber 
of  the  tube  are  revealed.  The  difference  in  the  volume  between  the  two 
menisci  should  not  vary  more  than  0.005  cc.  at  any  two  levels. 
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36  Gas  Analysis.     IV 

In  Fig.  3  Ib  shown  a  similar  modification  of  the  Haldane  ana- 
lyzer for  the  CO2  content  of  atmospheric  air.  The  bulb  of  the 
burette  for  this  apparatus  should  have  a  capacity  of  30  cc,  and 
the  tube  of  the  burette  should  be  graduated  up  to  100  parts 
(0.003  cc.  each)  of  absorbable  gas  (CO2)  in  10,000  of  air.  This 
instrument  is  quite  as  accurate  and  much  simpler  and  cheaper 
than  the  Pettersson-Palmquist  analyzer. 

In  Fig.  4  is  shown  an  apparatus  which  has  been  found  useful 
for  teaching  purposes  in  this  laboratory  (one  instrument  to  each 
six  or  eight  students).  For  beginners  it  is  a  very  much  easier 
apparatus  to  use  than  the  form  shown  in  Fig.  1.  Acidulated 
water  (1  per  cent  sulfuric  acid)  is  used  in  the  burette  instead  of 
mercury.  Common  glass  6  ounce  bottles  are  used  to  hold  the 
absorbents,  sodium  hydroxide,  and  potassiimi  pyrogallate.  A 
layer  of  paraffin  oil  is  placed  on  top  of  the  absorbents  to  protect 
them  from  the  air.  The  bottles  stand  on  a  shelf  which  also 
supports  the  water  jacket  of  the  burette. 

The  apparatus  is  used  in  the  same  manner  as  that  described  in 
the  first  paper  of  this  series  except  that  the  addition  of  a  control 
tube  renders  it  possible  to  compensate  for  temperature  changes 
in  the  course  of  an  analysis.  The  use  of  the  control  tube  is  as 
follows.  A  strip  of  mm.  paper  is  pasted  on  the  leveling  bottle. 
The  top  of  the  control  tube  is  opened.  The  leveling  bottle  is 
lifted  a  few  inches  and  the  fluid  allowed  to  rise  part  way  up  the 
control  tube,  the  top  of  which  is  then  closed.  The  leveling  bottle 
is  held  so  that  the  fluid  is  at  the  same  level  in  the  bottle  and 
in  the  tube  and  a  loop  of  wire  (X)  is  placed  at  this  height  on  the 
tube.  Before  each  measurement  of  gas  volume  in  the  burette  the 
leveling  bottle  is  moved  up  or  down  the  control  tube,  and  by 
means  of  the  mm.  paper  strip  note  is  made  of  the  height  above  or 
below  the  meniscus  in  the  control  tube  at  which  the  bottle  must 
be  held  to  bring  the  gas  in  the  control  tube  to  its  original  volume 
(at  X).  The  leveling  bottle  is  then  held  at  the  same  height 
above  or  below  the  meniscus  in  the  burette.  In  this  way  the 
gas  in  the  burette  can  always  be  brought  to  the  correct  volume 
per  molecule. 

This  instrument  is  adequate  to  all  scientific  and  clinical  in- 
vestigations except  those  involving  the  most  extreme  accuracy. 
The  elimination  of  mercury  renders  it  very  much  easier  to  use. 
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If  time  is  allowed  for  the  fluid  to  drain  from  the  walls  of  the 
burette  before  each  reading  oxygen  analyses  come  out  nearly  as 
well  as  with  the  mercurial  burette.     With  COa  the  error  due  to 
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solution  in  the  acidulated  water  is  very  close  to  1  per  cent;  that 
js,  analyses  of  air  giving  5.50  per  cent  should  be  corrected  to  5.55 
per  cent,  or  2.10  to  2.12. 

The  following  names  may  be  used  for  the  apparatus*  described 
in  this  series  of  papers:  (1)  For  that  described  in  the  first  paper, 
analyzer  for  CO2  in  alveolar  air  and  blood;  (2)  for  that  shown  in 
Fig.  1  of  this  paper,  respiratory  gas  analyzer;  (3)  for  that  in  Fig. 
3,  atmospheric  CO2  analyzer;  (4)  for  that  shown  in  Fig.  4,  modi- 
fied Orsat  analyzer. 

I  am  indebted  to  Professor  A.  L.  Prince  and  Mr.  A.  H.  Smith 
for  valuable  assistance  in  the  development  of  this  apparatus. 

*  These  instruments  may  be  obtained  from  the  Emil  Greiner  Company, 
55  Fulton  St.»  New  York. 
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APPLICATIONS  OF  GAS  ANALYSIS. 

V.    BLOOD  GAS  ANALYSIS. 

By  YANDELL*  HENDERSON  and  ARTHUR  H.  SMITH. 

{From  the  Physiological  Laboratory ^  Yale  Medical  School^  New  Haven,) 

(Received  for  publication,  October  30,  1917.) 

The  method  to  be  described  here  is  essentially  a  modification 
of  that  of  Barcroft  and  Haldane  (1)  and  of  that  described  in  the 
first  paper  of  this  series  (2).  The  solutions  employed  are:  (1) 
dilute  ammonia  (1  cc.  of  concentrated  ammonia  in  500  cc.  of 
distilled  water)  kept  tightly  stoppered  to  avoid  absorption  of 
CO2  from  the  air  (or  freed  from  carbonate  with  barium  hydroxide 
and  ammonium  sulfate  (3) ).  A  little  saponin  is  dissolved  in  the 
ammonia  solution  when  an  oxalate  is  used  to  prevent  the  blood 
sample  from  clotting.  (2)  A  10  per  cent  solution  of  potassium 
ferricyanide.     (3)  A  20  per  cent  solution  of  tartaric  acid. 

The  apparatus  used  consists  (1)  of  a  Haldane  gas  analyzer  in 
either  its  original  or  modified  form  (4),  and  (2)  a  small  tube 
such  as  is  sho^  in  Fig.  1. 

Oxygen  Analy&is, 

The  stop-cock  of  the  diffusion  tube  is  closed  (i.e.,  turned  to 
connect  the  side  and  end  nipples);  1.5  cc.  of  the  ammonia  solu- 
tion are  placed  in  the  tube;  and  1  cc.  of  the  blood  to  be  analyzed 
is  introduced  below  the  ammonia  by  means  of  a  pipette.  A  short 
close  fitting  rujbber  stopper  is  inserted  in  the  large  end.  A  hy- 
podermic needle  (disconnected  from  its  syringe)  is  passed  through 
this  stopper  to  allow  the  escape  of  the  air  compressed  by  the 
insertion  of  the  stopper.  The  needle  is  withdrawn,  and  the  tube  is 
rotated  gently  to  mix  the  blood  and  ammonia  until  the  corpuscles 
are  completely  laked.  A  small  all  glass  syringe  fitted  with  a 
hypodermic  needle  is  then  filled  with  the  ferricyanide  solution 
and  the  air  is  expelled.    The  needle  is  then  thrust  through  the 
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rubber  stopper  until  the  point  projects  in  the  interior  of  the  tube, 
and  0.25  cc.  of  the  ferricyanide  solution  are  injected.  The 
needle  is  then  carefully  withdrawn. 


|n 

-|0I 

3i 


^ 


Fig.  1.  The  blood  gas  diffusion  tube.  The  plug  of  the  stop-cock  is 
bored  only  in  a  right  angle,  not  in  a  T,  so  that  only  two-  of  the  openings 
are  connected  at  once.  The  open  end  of  the  tube  is  graduated  as  shown. 
This  end  of  the  tube  is  closed  with  a  rubber  stopper  cut  to  about  a  half 
or  a  third  the  usual  length,  so  that  the  needle  of  a  small  all  glass  hypo- 
dermic syringe  can  be  thrust  through  it. 

The  tube  is  now  placed  for  5  minutes  in  a  rotating  apparatus 
(Fig.  2)  consisting  of  a  block  of  wood  turning  on  an  iron  rod  and 
belted  to  a  slowly  moving  motor  or  shafting.     There  are  a  num- 
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ber  of  holes  bored  in  the  sides  of  the  block  of  wood  into  which 
diffusion  tubes  can  be  inserted.  The  rate  of  revolution  should 
be  not  more  than  40  or  50  times  a  minute.  During  the  rotation 
the  contents  of  the  tube  spread  in  a  thin  film  along  the  walls 
and  allow  complete  diffusion  of  the  liberated  oxygen  into  the  air 
of  the  tube. 

The  tube  is  next  connected  glass  to  glass  with  the  gas  analyzer 
by  a  short  piece  of  heavy  rubber  tubing  in  the  manner  shown  in 
Fig.  3.  The  mercury  bulb  of  the  analyzer  is  lifted  until  mercury 
runs  out  through  the  top  of  the  analyzer  and  fills  the  capillary 
tube  of  the  blood  gas  diffusion  tube.  The  lower  end  of  the  dif- 
fusion tube  is  placed  in  a  beaker  of  water  and  the  stopper  is 


Fig.  2.  Rotating  apparatus. 

withdrawn  under  water.  The  beaker  is  raised  or  lowered  until 
the  levels  of  the  fluid  inside  and  outside  the  tube  are  the  same, 
and  the  volume  of  the  air  in  the  tube  is  read.  The  stop-cock  at 
the  top  of  the  diffusion  tube  is  then  turned  and  a  sample  of  the 
air  within  the  tube  is  drawn  over  into  the  analyzer  and  analyzed 
for  oxygen. 

The  residual  gas  from  this  analysis  is  nitrogen.  As  the  per- 
centages of  oxygen  and  nitrogen  in  atmospheric  air  are  known, 
it  is  easy  to  calculate  from  the  volume  of  this  residual  nitrogen 
the  exact  amount  of  oxygen  which  would  have  been  found  by  the 
analysis  if  no  oxygen  had  been  given  off  by  the  blood.     To  do 

20  93 
this  multiply  the  residual  nitrogen  by  =5-7^,  or  0.265.     The  vol- 

urae  of  oxygen  thus  calculated  to  have  been  in  the  air  is  sub- 
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tracted  from  that  found.  A  correction  is  then  made  for  the 
volume  of  gas  which  remained  in  the  diffusion  tube  and  connec- 
tions after  the  sample  was  drawn.  Corrections  are  also  made 
for  barometric  pressure  and  temperature,  for  the  volume  of  gas 
is  always  expressed  as  it  would  be  at  0®C.  and  760  mm.  barometer. 
The  following  is  an  example  of  this  calculation. 

Volume  of  air  in  diflfusion  tube -  10. 1      cc.  (1) 

Volume  taken  for  analysis =*  9.440"  (2) 

Nitrogen  remaining  after  absorption  of  oxygen.  =»  7.342"  (3) 

Oxygen  absorbed,  t.c,  j(2)-(3) =  2.098  "  (4) 

Volume  of  atmospheric  oxygen  in  volume  of 

20.93 

gas  taken  for  analysis,  i.e.,  (3)  X  — — • =   4 .945  "       (5) 

79.04 

Oxygen  from  blood  in  volume  of  gas  analyzed, 

t.e.  (4H5) -    0.153"       (6) 

Total  oxygen  from  blood,  i.e.,  W  X  ^ =    0.163  "      (7) 

Oxygen  reduced  from  barometric  pressure  755 
and  temperature  20**  to  760  and  0%  t.c,  (7)  X 
760  273 

^><(i^T^' -''''"    <«> 

Volumes  per  cent  oxygen  in  blood,  t.e.,  (8)  X  * 
100 -  14.7 

*  Tables  for  these  factors  of  pressure  and  temperature  will  be  found  in 
any  handbook  of  chemical  constants. 

Comparative  determinations  of  the  oxygen  content  of  the  blood 
by  the  Barcroft-Haldane  method  using  the  Brodie  apparatus  (5) 
and  by  our  method  gave  the  following  results. 

Barcroft-Haldane  method.  Gas  analysis  method. 

16.2  16.3 

16.5  16.1 

The  two  methods  are  we  believe  of  approximately  the -same 
order  of  accuracy.  To  one  accustomed  to  the  use  of  the  gas 
analyzer,  but  not  in  practice  for  the  use  of  the  Barcroft-Hal- 
dane method  in  its  usual  form,  our  modification  is,  we  believe, 
decidedly  the  easier. 

The  precision  of  the  method  may  be  increased, — at  least 
theoretically — by  filling  the  diffusion  tube  initially  with  nitrogen 
(from  the  analyzer)  instead  of  air,  inserting  the  stopper  under 
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water,  and  injecting  the  blood  with  the  hjrpoderraic  syringe. 
But  this  refinement  takes  time  and  requires  extreme  care  to 
avoid  admitting  the  least  trace  of  air. 

CO2  Determination. 

The  CO2  content  of  the  blood  is  determined  in  exactly  the 
same  manner  and  with  the  same  tube,  merely  using  the  tartaric 


Fig.  3.  A,  gas  burette  of  analyzer;  B,  diffusion  tube;  C,  beaker  of  water. 

acid  solution  instead  of  ferricyanide.  (When  the  amount  of  gas 
in  the  blood  is  very  high  it  is  advisable  to  use  only  half  quanti- 
ties of  blood  and  reagent;  namely,  0.75  cc.  of  ammonia,  0.5  cc.  of 
blood,  and  0.10  cc.  of  tartaric  acid.)  Owing  to  the  solubility  of 
COj  it  is  necesary  in  the  calculation  of  the  results  to  take  into 
account  that  part  of  the  gas  which  remains  in  solution  in  the 
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acidified  diluted  blood.     This  correction  for  any  temperature  may 
be  obtained  from  Curve  1  in  Fig.  4. 
A  t3rpical  calculation  of  the  results  obtained  is  as  follows. 

Volume  of  air  at  18°C.   (compressed)  in   dif- 
fusion tube  before  removing  stopper =10.9      cc.  (1) 

Volume  of  air  (at  atmospheric  pressure)  in  dif- 
fusion tube  after  removing  stopper =11.1      "  (2) 

Voltune  taken  for  analysis =    7.774  "  (3) 

Gas  remaining  after  absorption  of  COj =    7.606  "  (4) 

CO,  absorbed,  z.c,  (3>-(4) =    0.268  "  (5) 

(2) 

Total  CO2  in  air  in  tube,  i.e.,  (5)  X  7-' »    0 .383  "      (6) 

(3) 

COs  in  solution  in  acidified  blood,  i.e.j  volume 

of  liquid    (2.75   cc.)  X  solubility   coefficient 

(1.0)  XCOjinairintube^j =    0.096"      (7) 

Total  COi  from  blood,  t.«.,  (6)  +  (7) =    0.479  "       (8) 

COj  reduced  from  barometric  pressure  762  and 

760 
temperature  26°  to  760  and  0°,  t.c,  (8)  X  —  . 

^WTli") =  «-^"    ''' 

Volumes  per  cent  COj  in  blood,  i.e.,  (9)  X  100  =  44.8 

Comparison  of  the  results  obtained  with  the  original  Barcroft- 
Haldane  method  and  with  our  modification  shows  in  every  case 
that  the  latter  gives  figures  2  to  3  volumes  per  cent  higher  than 
those  obtained  with  the  older  method.  This  is  due  to  the  fact  that 
the  heavy  precipitate  produced  by  adding  both  ferricyanide  and 
acid  to  blood  renders  it  extremely  difficult  in  the  Brodie  appa- 
ratus to  shake  the  last  trace  of  CO2  out  of  the  thick  coagulum. 

Simultaneous  Determination  of  Oxygen  and  COf 

There  appears  no  reason  (except  that  just  mentioned)  why 
both  gases  should  not  be  determined  on  a  single  sample  of  blood 
by  first  liberating  the  oxygen  and  then  the  COj.  We  have  found 
that  this  can  in  fact  be  done  (usiing  half  quantities  of  blood  and 
reagents  or  in  diffusion  tubes  of  20  cc.  capacity)  if  a  small  glass 
rod  or  some  lead  shot  is  put  into  the  tube  to  assist  in  breaking 
up  the  heavy  masses  of  the  precipitate  formed  by  the  addition 
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of  the  acid  after  the  ferricyanide.  Practically,  however,  unless 
the  quantity  of  blood  available  is  extremely  limited  it  is  easier 
and  more  accurate  to  make  the  two  determinations  separately. 
Duplicate  determinations  for  both  gases  independently  can  be 
made  by  this  method  in  half  an  hour. 

Solubility  of  CO2  in  Acidified  Blood  Solutions. 

As  the  correction  for  the  amount  of  CO2  which  remains  dis- 
solved in  the  fluid  is  considerable  we  have  devoted  particular  care 
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Fig.  4.  Curves  expressing  solubility  of  CO2. 

The  acid-blood  mixture  of  Curves  1,  2,  3,  4,  and  7  was  made  as  fol- 
lows: ammonia  1.5  cc,  blood  1.0  cc,  tartaric  acid  0.25  cc.  The  mixture 
of  Curves  5  and  6  was  made  as  follows:  ammonia  2.0  cc,  blood  1.0  cc, 
tartaric  acid  0.5  cc 

Curves  1  and  2,  fresh  himian  blood;  Curve  3,  fresh  cat  blood;  Curve  4, 
blood  of  dog  anesthetized  with  chloratone  and  alcohol;  Curve  5,  fresh 
pig  blood;  Curves  6  and  7,  human  serum. 

to  this  matter.  Various  arrangements  of  apparatus  were  tried 
but  finally  one  similar  to  that  shown  in  Fig.  3  (except  that  the 
rubber  tube  connecting  the  diffusion  tube  and  gas  burette  was 
4  or  5  cm.  long  to  allow  shaking  the  tube)  proved  most  con- 
venient, as  an  entire  series  for  all  temperatures  could  be  run 
from  a  single  filling  of  the  tube. 
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The  method  employed  consisted  m  first  filling  the  diffusion  tube 
and  burette  with  pure  CO2  gas  from  a  Kipp  generator.  The  rub- 
ber stopper  was  then  inserted  in  the  diflfusion  tube.  The  tube  was 
immersed  in  water  at  various  temperatures  and  the  volume  of  gas 
read  on  the  burette.  2  cc.  of  diluted  acidified  blood  entirely- 
freed  from  CO2  were  injected  through  the  stopper  into  the  diffusion 
tube.  The  tube  was  thoroughly  shaken  at  various  temperatiu-es 
and  the  volmne  of  gas  going  into  solution  was  read  from  the 
burette.  In  the  calculation  allowance  was  made  for  the  fact  that 
the  gas  in  the  burette  remained  always  at  room  temperature.  The 
curves  in  Fig.  4  give  the  relative  distribution  of  CO2  at  tempera- 
tures between  12®  and  30®C.  in  gaseous  form  and  in  solution. 
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APPLICATIONS  OF  GAS  ANALYSIS. 

VI.    THE  ftESPIRATORT  EXCHANGE  AND  INDIRECT 
CALORIMETRT. 

Bt  YANDELL  HENDERSON. 
(From  the  Physiological  Laboratory,  Yale  Medical  School ,  New  Haven.) 

(Received  for  publication,  October  30,  1917.) 

The  analyTsis  of  10  cc.  of  expired  air  to  determine  its  percentage 
of  ox3rgen  and  COj  is  not  appreciably  more  difficult  than  the  de- 
termination of  the  nitrogen  in  10  cc.  of  urine  by  the  Kjeldahl 
method.  The  nitrogen  found  in  the  sample  multiplied  by  the 
total  volume  of  the  urine  from  which  it  was  taken  gives  us  the 
nitrogen  metabolism  of  the  body.  In  the  same  way  the  oxygen 
(deficit)  and  the  COa  found  in  the  sample  of  expired  air  multi- 
plied by  the  total  volume  of  the  air  expired  in  a  given  time 
afford  the  oxygen  and  carbon  metabolism,  and,  by  indirect 
calorimetry,  the  total  energy  exchjgige  of  the  body. 

Certainly  a  knowledge  of  the  oxygen,  carbon,  and  energy  ex- 
changes is  quite  as  important  in  a  wide  range  of  problems  as  is 
the  nitrogen  exchange.  Each  should  be  equally  a  matter  of 
routine  in  every  well  equipped  biochemical  and  clinical  labora- 
tory. In  fact  however  the  means  and  habit  of  determining 
nitrogen  are  imiversal,  while  determinations  of  the  respiratory 
exchange  are  confined  to  a  very  few  highly  specialized  laboratories. 

The  reason  for  this  anomaly  lies  in  the  fact  that  it  is  generally 
assumed  that  the  elaborate  and  expensive  apparatjis  of  the 
"closed  circuit"  method  used  by  Benedict,  Lusk,  and  their  col- 
laborators is  necessary.  This  is  far  from  the  truth.  In  fact,  in  a 
thorough  comparative  study  and  critique  of  all  available  methods 
Carpenter  (1),  although  he  does  not  say  so  explicitly,  has  shown 
implicitly  that  the  (Tissot)  "open  cu'cuit"  method  of  collecting 
the  expired  air  in  a  graduated  spirometer  and  analyzing  a  sample 
is  equal  in  accuracy  and  superior  in  simplicity  to  the  closed  circuit 
method. 
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Apparatus  for  gas  analysis  has  been  discussed  in  the  fourth 
paper  of  this  series.  In  addition  to  a  gas  analyzer  one  needs  a 
large  graduated  spirometer,  a  flexible  tube,  nose  clip,  and  a 
mouthpiece  with  inspiratory  and  expiratory  valves. 

The  spirometer  shown  in  Fig.  1  is  a  simple  fonn  which  has  proved 
easily  constructed  and  sufficiently  accurate  in  use  in  this  laboratory. 
The  lower  container  consists  of  a  common  galvanized  iron  ash  can.  The 
tube  is  iron  pipe  (bore  1  inch)  with  a  brass  cock  such  as  is  used  on  steam- 
pipes.  A  round  hole  (f  inch)  is  bored  in  the  side  so  that  it  serves  as  a 
3-way  cock.  A  disk  of  galvanized  iron  is  fastened  near  the  top  of  the 
pipe  and  lies  just  below  the  surface  of  the  water  with  which  the  can  is 
filled.  This  prevents  the  diffusion  of  any  considerable  amount  of  C0| 
into  the  water.  The  bell  or  floating  container  is  made  of  tin.  It  should 
be  as  nearly  as  possible  of  exactly  the  same  diameter  everywhere  (this 
requirement  is  easily  met  by  any  competent  tinsmith).  The  cord  to  the 
counterpoise  weight  runs  over  window  sash  pulleys.  The  rise  of  the  bell 
of  the  gasometer  is  measured  by  a  self-winding  steel  mm.  tape  measure 
of  which  the  case  is  fastened  to  the  cross  bar  of  the  wooden  frame.  The 
volume  of  the  bell  per  mm.  rise  is  merely  its  diameter  multiplied  by  irr*. 
The  error  which  would  occur  if  the  dead  space  of  the  apparatus  were  filled 
with  fresh  air  is  eliminated  by  ninning  a  fore  period  in  each  experiment 
during  which  the  gasometer  is  partly  filled  with  expired  air.  Just  before 
the  period  of  the  observation  it  is  emptied  through  the  side  hole  in  the 
^brass  cock,  thus  leaving  the  dead  space  of  the  apparatus  (tube  and  top  of 
bell)  filled  with  expired  air. 

To  connect  the  mouthpiece  and  the  spirometer  the  best  tubing  is  the 
corrugated  rubber  used  in  mine  rescue  apparatus,  but  this  is  expensive 
and  a  very  satisfactory  substitute  is  afforded  by  a  piece  of  vacuum  cleaner 
tubing,  which  can  be  ordered  in  the  proper  length  (2  or  3  feet)  with  heavy 
rubber  nipples  at  the  ends,  from  any  vacuum  cleaner  shop.  The  standard 
rubber  and  metal  mouthpiece  has  mica  disk  inspiratory  and  expiratory 
valves  attached  to  it.* 

A  form  of  valve  which  has  proved  convenient  has  recently  been 
devised  at  the  University  of  Minnesota  by  Professors  A.  D.  Hirsch- 
felder  and  E.  D.  Brown.  By  their  kind  permission  a  diagram 
of  two  of  these  valves  arranged  for  inspiration  and  expiration  on 
a  T-tube  is  shown  in  Fig.  2.    Each  valve  is  made  of  a  large  tin 

*  These  valves  on  a  metal  mouthpiece,  the  rubber  mouthpiece  and  cor- 
rugated tube  and  nose  clip,  as  well  as  the  Douglas  bag  with  a  large  alu- 
min\mi  3-way  cock  and  other  similar  equipment  are  obtainable  from 
H.  N.  Elmer,  1140  Monadnock  Building,  Chicago,  the  agent  for  Siebe, 
Gorman  &  Company  of  London. 
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salve  box  with  a  disk  of  sheet  rubber  inside,  held  in  place  by  a 
ring  of  spring  wire  soldered  to  the  box  at  one  point.  The  crack 
round  the  box  is  made  tight  with  adhesive  plaster.  In  the 
figure  the  cover  of  one  valve  is  removed  to  show  the  rubber  and 
wire. 

A  double  valve  (inspiratory  and  expiratory)  which  also  has  been 
used  in  this  laboratory  is  shown  in  Fig.  3.  It  is  made  of  two 
pieces  of  brass  tubing  (IJ  and  1  inch  interior  diameter  respec- 
tively) arranged  concentrically.  The  moving  part  of  each  valve 
is  a  strip  of  heavy  sheet  rubber  inside  the  tube  covering  holes 


Fig.  2. 

bored  through  the  tubing  and  held  in  place  by  a  metal  clip  near 
the  middle  of  the  strip.  The  lower  ends  of  the  tubes  are  closed 
with  parafl^ed  corks. 

Perhaps  no  better  idea  can  be  given  of  the  extensive  use  which 
can  be  made  of  the  open  circuit  method  combined  with  gas 
analysis  than  by  reproducing  here  the  directions  given  to  the  stu- 
dents in  the  routine  course  of  physiology  in  this  laboratory.  These 
directions  are  typewritten  together  with  the  tables  mentioned  and 
are  pasted  upon  pieces  of  compo  board  so  that  they  can  be  con- 
veniently carried  about  to  the  points  where  work  is  being  done. 
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For  the  experiments  in  which  the  subject  remains  in  one  place 
the  spirometer  is  used;  for  those  in  which  he  walks  about  the 
Douglas  bag  (2)  is  employed.  The  three  tables  referred  to  are 
as  follows. 

Table  I. — ^For  reduction  to  dry  air  at  0°  and  760  mm.  of  mer- 
cury of  100  volumes  of  air  saturated  with  moisture  at  different 
temperatures  and  pressures.  This  is  reproduced  from  pi^e  56 
of  Haldane's  Methods  of  Air  Analysis  (3). 

Table  II. — ^For  transforming  apparent  into  true  respiratory 
quotients.  This  is  reproduced  from  page  67  of  Haldane's 
Methods  of  Air  Analysis.  (The  table  includes  one  error;  in  the 
cohmm  of  true  respiratory  quotients,  1.031  should  be  1.131.) 

Table  III. — For  the  heat  value  of  1  Uter  of  oxygen  consumed 
in  the  body  at  various  respiratory  quotients.  This  is  taken  from 
page  357  of  Volume  xii  of  this  Journal  (4). 

The  directions  are  as  follows. 
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Calculation  of  ReaitUs  of  Experiments  on  Respiratory  Exchange 

with  Spirometer^  Douglas  Bag,  and  Small  Animal 

Respiration  Apparatus. 

Analyze  sample  of  air  from  the  spirometer  or  bag  for  percentage  of 
oxygen  and  C02.  The  volimie  of  the  gasometer  is  obtained  by  knowing  the 
diameter  of  the  bell,  calculating  its  cross-section  in  sq.  cm.  by  «r',  and 
reading  the  distance  the  bell  has  risen  on  the  self-winding  steel  tape  meas- 
ure fastened  at  the  top  of  the  bell.  If  the  bag  is  used,  measure  contents 
of  bag  by  passing  the  air  through  a  gas  meter  and  note  temperature  in  the 
meter.  Read  barometer.  By  means  of  Table  I  reduce  the  volimae  of  air 
expired  in  1  minute  to  standard  pressure  and  temperature  (0**C.  and  760 
mm.). 

From  the  COs  percentage  subtract  the  COs  of  the  inspired  air  (0.03), 
and  multiply  by  the  (reduced)  volimie  of  air  expired  in  1  minute.  This 
gives  the  COj  production  per  minute. 

"The  volmne  of  oxygen  absorbed  is  less  easy  to  calculate  howeyer,  as 

the  voliune  of  dry  air  has  diminished  in  the  process  of  respiration  because 

more  oxygen  has  been  taken  up  than  carbon  dioxide  has  been  given  off. 

Since  nitrogen  is  neither  taken  up  nor  given  off  in  respiration,  it  is  evident 

that  for  every  100  volumes  of  expired  air  there  corresponded  in  the  inspired 

20  93 
air,  not  20.93  volimies  of  oxygen,  but  =5^,  or  0.2648,  multiplied  by  the 

percentage  of  nitrogen  in  the  expired  air.  By  subtracting  from  the  oxygen 
figure  so  obtained  the  oxygen  percentage  found  by  analysis,  the  true  per 
cent  of  oxygen  consxmied  is  found.  Multiplying  the  volume  of  air  expired 
per  minute  by  this  percentage  gives  the  oxygen  really  consimied,  and 
dividing  the  COj  produced  by  the  oxygen  consumed  gives  the  respiratory 
quotient  *'  (Haldane,  3). 

Instead  of  making  this  calculation,  the  results  may  be  obtained  by 
means  of  Table  II.  By  this  table  the  apparent  respiratory  quotients  [COj 
per  cent  found  by  analysis  divided  by  (20.93  minus  oxygen  found  by  analy- 
sis)] can  be  transformed  into  true  quotients,  and  the  correct  intake  of 
oxygen  obtained  by  dividing  the  output  of  carbon  dioxide  by  the  true 
respiratory  quotient. 

From  Table  III  for  indirect  calorimetry  the  amount  of  energy  produced 
and  the  character  and  amounts  of  the  substances  oxidized  in  the  body  are 
obtained  by  taking  the  figure  corresponding  to  the  respiratory  quotient 
and  multiplying  it  by  the  oxygen  consinnption. 

To  calculate  the  respiratory  dead  space  (5)  get  the  tidal  volume  (i.e., 
total  expired  air  divided  by  nmnber  of  breaths)  and  multiply  by 
-  ^  __  C0|  per  cent  in  mixed  expired  air 
COj  per  cent  in  alveolar  air 

The  dead  space  for  oxygen  is  obtained  similarly.  The  oxygen  pulse  (6) 
is  the  oxygen  consimaed  per  minute  divided  by  the  pujpe  rate. 

The  external  work  on  the  stationary  bicycle  (7)  equals  the  product  of 
the  resistance  in  kilos  by  the  circumference  of  the  wheel  in  meters  by  the 
number  of  revolutions  per  minute. 
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The  object  of  this  paper  (the  last  of  the  series)  has  been  to 
make  more  easily  available  facts  and  methods  already  known. 
The  object  of  the  entire  series  has  been  to  emphasize  the  wide 
range  of  methods  and  problems  for  which  gas  anal3rsis  is  a 
master  key. 

The  expenses  of  all  the  investigations  of  this  series  of  papers 
have  been  defrayed  by  the  Loomis  Medical  Research  Fund. 
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A  STUDY  OF  THE'DIETARY  ESSENTIAL,  WATER-SOLU- 
BLE  B,   m   RELATION   TO   ITS   SOLUBILITY 
AND  STABILITY  TOWARDS  REAGENTS. 

By  E.  V.  McCOLLUM  and  N.  SIMMONDS. 

(Pram  the  Laboratory  of  Agricultural  Chemistry  of  the  University  of  Wis- 

conain,  Madison,) 

(Received  for  publication,  November  12,  1917.) 

Since  the  discovery  by  Eijkman  (1)  of  a  means  of  producing 
an  experimental  poljrneuritis  in  birds  by  feeding  them  a  diet 
restricted  to  polished  rice,  and  its  relief  by  feeding  rice  polishings, 
interest  in  the  problem  of  the  isolation  and  identification  of  the 
curative  substance  has  steadily  increased  (2).  Without  excep- 
tion the  methods  which  have  been  adopted  for  the  isolation  of 
the  physiologically  active  substance  have  involved  extracting  it 
with  either  water  or  alcohol  and  subsequent  precipitation  with 
phosphotungstic  acid,  mercuric  chloride,  or  silver  nitrate  and 
barium  hydroxide.  The  former  reagent  has  been  emplojred  ex- 
tensively. The  decomposition  of  the  phosphotungstic  precipi- 
tate by  means  of  alkali  such  as  barium  hydroxide  has  been  found 
to  be  attended  by  great  loss  of  curative  properties  of  the  prepa- 
rations. Better  success  has  attended  the  use  of  barium  acetate 
and  of  lead  acetate  for  this  decomposition  (3). 

The  various  modifications  of  the  methods  of  separation,  which 
were  based  upon  precipitation  with  reagents,  have  yielded  but 
meager  results,  and  it  seemed  to  us  that  prospects  for  success  in 
the  isolation  of  this  interesting  substance  must  be  based  upon  an 
entirely  different  line  of  procedure  from  that  employed  in  the 
past.  It  was  with  a  view  to  the  development  of  a  new  method 
for  the  separation  of  the  physiologically  indispensable  substance 
which  we  term  water-soluble  B  (4),  and  which  we  believe  to  be  the 
specific  complex,  a  lack  of  which  causes  the  development  o^ 
pol3naeuritiS;  that  the  experiments  reported  in  this  paper  were 
conducfted.  The  plan  contemplates  a  complete  study  of  the 
solubility  of  the  water-soluble  B  in  all  organic  solvents  available. 
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We  sought,  as  suitable  material  with  which  to  work,  a  vege- 
table product  which,  after  the  removal  of  fats  by  ether,  gave 
promise  of  yielding  the  smallest  amount  of  alcoholnsoluble  matter. 
The  navy  bean  was  selected,  but  this  seed  we  now  feel  will  not 
prove  superior  to  a  number  of  others- which  might  have  been 
employed.  The  bean  is  extremely  difficult  to  grind  to  a  fine  state 
and  after  ether  has  removed  everything  which  it  is  capable  of 
extracting,  alcohol  still  extracts  about  4  per  cent  of  the  original 
weight  of  the  bean.  The  bean  is,  however,  very  rich  in  the  diet- 
ary B  (5),  and,  as  wUl  be  shown  later,  there  seems  good  reason 
to  expect  that  a  method  can  be  developed  for  separating  the 
desired  substance  in  a  greatly  concentrated  form. 
"  The  navy  beans  were  ground  and  dried,  then  exhausted  with 
ether.  This  solvent  does  not  take  up  a  demonstrable  amoimt  of 
the  waternsoluble  B.  The  ether-extracted  material  was  subse- 
quently extracted  as  described  in  the  experimental  part  of  this 
paper.  Wheat  embryo  similarly  treated  was  emplojred  in  some 
of  the  experiments. 

We  beUeve  our  method  which  consists  of  testing  preparations 
for  the  presence  of  the  antineuritic  substance,  waternsoluble  B, 
by  relieving  the  polyneuritic  condition  and  inducing  subsequent 
growth  in  a  mammal,  to  be  greatly  superior  to  the  conventional 
method  of  "curing"  pigeons  which  have  been  fed  an  exclusive 
(Ket  of  polished  rice  until  they  develop  the  disease.  Polished  rice 
is  very  deficient  from  the  dietary  standpoint  in  certain  mineral 
salts,  the  fat-soluble  A,  and  protein  in  addition  to  the  specific 
substance  water-solubfe  B,  the  lack  of  which  leads  to  the  devel- 
opment of  poljrneuritis  (6).  Recovery  cannot  be  permanent  on 
such  a  diet,  and  the  observation  of  the  "curative"  effects  of  the 
Administered  substances  is  necessarily  limited  to  a  brief  period. 

We  decided  to  adopt  the  rat  instead  of  the  pigeon  as  an  ex- 
perimental animal,  because  of  the  fact  that  the  element  of  growth 
can  be  included  in  the  observations.  Where  growth  takes  place 
and  is  sustained,  there  can  be  no  possible  doubt  that  we  are  sup- 
plying a  chemical  complex  'which  is  necessary  as  a  food  rather 
than  a  complex  which  produces  its  effects  through  pharmaco- 
logical action.  In  the  work  with  pigeons,  previously  reported 
(4),  we  had  ample  experience  to  convince  us  of  the  prompt  re- 
covery of  birds  from  the  polyneuritic  state  when  given  various 
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preparations.  Careful  reading  of  the  literature  relatii^  to 
studies  on  polyneuritis  in  birds  revealed  so  many  confusing  state- 
ments that  we  decided  to  attempt  to  perfect  the  technique  for 
employing  the  rat  for  such  studies.  We  feel  convinced  that  a 
satisfactory  procedure  has  been  developed. 

Funk  (7)  says  that  when  the  curative  fraction  obtained  from 
either  dry  yeast  or  rice  polishings  was  administered  orally  or 
subcutaneously  to  beri-beri  pigeons,  "the  animals  recovered  very 
speedily,  often  in  2-3  hrs.,  but  it  was  found  impossible  to  keep 
them  permanently  on  polished  rice  even  when  injections  were 
repeated  every  few  dajrs." 

Williams  (8)  has  pointed  out,  and  our  experience  harmonizes 
with  his,  that  pigeons  restricted  to  a  diet  of  polished  rice  do  not 
all  run  the  same  course.  Many  never  develop  acute  polyneuritis, 
but  waste  away  and  die  of  starvation.  Such  birds  are  of  no  value 
in  experimental  work.  Some,  he  states,  recover  temporarily 
from  an  acute  attack  without  any  treatment. 

Eijkman  (9)  injected  doses  of  20  to  40  mg.  of  a  mixture  of  one 
part  NaCl  and  three  parts  KCl  into  chickens  and  pigeons  and 
observed  cures  in  pigeons  but  not  in  chickens.  These  results 
seem  to  justify  the  belief  that  temporary  relief  from  paresis  is  less 
satisfactory  as  a  test  for  the  physiologically  indispensable  sub- 
stance waterH9oluble  B  than  is  our  method  in  which  the  diet  is 
properly  planned  so  as  to  be  satisfactory  for  growth  except  for  the 
absence  of  the  one  unidentified  substance.  With  our  diet  re- 
sumption of  growth  actually  takes  place  on  the  addition  of  the 
water-solubte  B  to  the  diet. 

Antineuritic  properties  have  been  attributed  to  nicotinic  acid 
(10)  and  to  adenine  (11),  betaine,  allantoin,  and  certain  pyrimi- 
dines  (12),  and  Williams  has  observed  curative  action  in  a  certain 
isomer  of  a-hydroxypyridine  (8).  He  has  attempted  to  account 
for  all  of  these  observations  by  assmning  that  the  needs  of  the 
animal  are  for  a  specific  type  of  labile  isomerism  rather  than  a 
specific  chemical  complex  as  in  the  case  of  certain  amino-acids  in 
their  relation  to  protein  metabolism.  That  this  explanation 
should  be  the  correct  one  we  believe  improbable.  The  anti- 
neuritic substance  employed  by  Williams  was  relatively  labile, 
and  passed  easily  into  a  form  which  possessed  no  curative  prop- 
erties.   In  the  natural  foods  the  evidence  available  from  well 
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controlled  experiments  all  indicates  that  the  dietary  essential 
termed  by  us  the  waternsoluble  B  is  not  readily  destroyed  by 
aging,  exposxire  to  the  atmosphere,  or  by  heat  at  100-112^C.  (5) 
in  neutral  reaction.  The  experience  of  all  investigators  who  have 
employed  precipitation  methods  for  the  concentration  of  this 
substance  indicates  that  it  is  very  stable  in  dilute  acid  solu- 
tions. Indeed  the  statement  has  been  made  ]>y  Vedder  and 
Williams  (13)  and  by  Funk  that  hydrolyzed  preparations  were 
more  active  than  before  hydrol3^is. 

It  is  possible  to  suggest  an  alternative  explanation  for  Wil- 
liams* hypothesis  which  will  account  for  the  occasional  relief  of 
polyneuritic  pigeons  by  such  a  list  of  unrelated  substances  as 
nicotinic  acid,  certain  pyrimidines,  certain  purines,  and  certain 
hydroxypyridines.  The  following  explanation,  while  purely  sj)ecu- 
lative,  may  possibly  account  for  the  recorded  observations  and 
assist  in  clarifying  the  confusing  data  relating  to  this  subject. 

Histological  methods  have  shown  that  in  pdjrneuritic  animals 
there  is  a  degeneration  of  the  motor  cells  of  the  cord.  This  change 
is  progressive;  some  cells  present  the  normal  appearance  while 
others  in  the  same  field  are  degenerated.  It  would  appear  plau- 
sible that  when  the  motor  cell  changes  have  reached  a  certain 
point  loss  of  function  supervenes  and  paralysis  results.  There 
still  remain  in  the  cord  of  a  paralyzed  animal  motor  cells  which 
appear  normal  when  stained  and  which  may  be  capable  of  re- 
storing the  motor  functions  of  the  muscles  when  influenced  by 
substances  which  stimulate  them  to  heightened  sensitiveness. 
In  other  words,  the  temporary  relief  of  polyneuritis  may  be  the 
result  of  the  pharmacological  action  of  certain  substances  rather 
than  a  response  with  renewed  function  of  cells  which  have  been 
subjected  to  a  selective  fast  and  later  have  been  suppUed  with  the 
missing  food  complex.  If  this  line  of  reasoning  could  be  shown, 
to  be  valid,  it  would  foUoV  that  experiments  with  pure  chemical 
subiStances  of  known  constitution,  with  a  view  to  finding  by  good 
fortune  the  one  playing  an  important  physiological  r61e,  might 
be  entirely  misleading  unless  it  were  shown  that  the  ^^cure*^  was 
permanent.  For  sucji  complete  proof  it  is  necessary  to  demon- 
strate the  resumption  of  growth  and  maintenance  of  health  as 
long  as  the  substance  is  supplied  in  the  food  mixture.  Animals 
which  have  been  brought  into  a  critical  condition  where  death  is. 
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certain  within  24  hours,  and  which  have  been  permanently  cured 
on  the  addition  to  the  food  mixtiu'e  of  a  very  smaU  amount  of  a 
preparation  obtained  in  efforts  to  isolate  the  unidentified  food 
factor,  furnish  absolute  proof  that  the  physiologically  active 
dietary  factor  is  being  dealt  with.  Sustained  normal  function  is 
indispensable  to  adequate  proof  that  the  dietary  essential  in 
question  is  being  administered.  If  this  condition  should  be  in- 
sisted upon  by  investigators  before  concluding  that  a  test  is 
positive,  it  is  probable  that  we  should  not  have  such  a  list  of 
totally  imrelated  chemical  substances  reported  as  protective 
against  polyneuritis. 

Method  of  EzperimerUation. 

When  young  rats  are  placed  upon  a  diet  which  is  satisfactory 
in  every  respect  except  for  the  absence  of  either  of  the  dietary 
factors,  fat-fioluble  A  or  water-soluble  B^  a  considerable  gain  in 
weight  may  take  place  dming  the  first  3  weeks.  This  does  not 
always  happen,  but  with  vigorous  rats  it  is  of  frequent  occur- 
rence. After  the  2nd  or  3rd  week,  on  the  experimental  diet, 
there  is  no  further  increase  in  weight  and  either  a  brief  period  of 
maintenance  is  followed  by  rapid  decline  or  steady  loss  of  weight 
b^ins  and  death  follows  after  a  variable  period,  unless  the  miss- 
ing dietary  essential  is  supplied.  Loss  of  hair  and  feebleness  are 
seen  with  either  type  of  deficient  diet. 

When  the  diet  is  lacking  in  the  water-soluble  B,  but  is  properly 
constituted  in  other  respects,  typical  p)ol3aieuritis  results  in  many 
of  the  experimental  animals.  Funk  (7)  holds  the  view  that 
beri-beri  has  not  been  produced  in  animals  other  than  man  and 
birds,  and  he  believes  that  only  those  species  whose  end-product 
of  purine  metabolism  is  luic  acid  can  develop  the  disease.  The 
rat  in  conunon  with  other  mammals  with  the  exception  of  man, 
the  higher  apes,  and  the  curious  exception  of  the  Dalmatian 
dog  recently  observed  by  Benedict  (14),  excretes  allantoin,  and 
according  to  Fimk's  classification  should  not  suffer  from  this 
disease.  In  our  experieace  rats  restricted  to  a  diet  which  is  in 
every  way  adequate  except  for  the  absence  of  the  antuieuritic 
substance,  water-soluble  B,  suffer  decline  in  weight  and  loss  of 
muscular  control,  especially  in  the  hind  limbs,  and  die  within  a 
few  hours  unless  the  necessary  complex  is  supplied.    Histological 
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studies  have  shown  that  there  is  degeneration  of  the  motor  cells 
of  the  cord  in  animals  restricted  to  such  a  diet.  We  see,  there- 
fore, reason  to  believe  that  our  animals  in  the  experiments  de- 
scribed are  actually  in  the  polyneuritic  state.  When  kept  upon  a 
diet  of  polished  rice,  young  rats  do  not  live  long  enough  to  become 
paralyzed  owing  to  the  deficiency  of  polished  rice  in  respect  to 
protein,  inorganic  elements,  and  both  the  A  and  B  (6).  Rats 
suffering  from  polyneuritis  are  promptly  relieved  by  the  adminis- 
tration of  the  water-soluble  unknown.  When  young  rats  are  fed 
the  diet  of  purified  foodstuffs,  plus  butter  fat,  as  employed  in 
this  work,  polyneuritis  occurs  ordinarily  between  the  30th  to 
the  40th  day. 

Animals  given  a  diet  which  is  properly  constituted  except  that 
it  is  lacking  in  the  fat-soluble  A,  may  increase  in  weight  during 
the  first  2  weeks,  then  they  gradually  lose  weight,  become  emaci- 
ated, and  suffer  from  edema  of  the  eyelids  (15).  We  have  re- 
cently (16)  described  this  condition  as  xerophthalmia  and  believe 
it  is  due  to  this  specific  dietary  deficiency.  There  is  no  loss  of 
motor  function  in  these  animals.  Their  eyes  are  very  much  irri- 
tated and  they  scratch  them  and  thereby  cause  mechanical  in- 
jury. Recovery  is  prompt  when  the  mi(wing  dietary  factor  is 
supplied,  otherwise  permanent  blindness  ensues  and  death  super- 
venes, usually  within  3  months. 

Since  we  have  no  chemical  methods  for  the  detection  of  either  of 
these  two  unidentified  dietary  essentials  we  must  employ  biologi- 
cal tests  as  a  guide  to  their  isolation.  The  period  required  ia 
order  to  make  the  test  complete  must  extend  over  several  weeks 
because  of  the  ability  of  the  more  vigorous  animals  to  grow  to  a 
sUght  extent  during  the  first  2  or  3  weeks,  even  when  the  sub- 
stance to  be  tested  for  is  absent  from  the  diet.  Preparations 
made  with  a  view  to  separating  the  factor  B  in  a  pure  form  fre- 
quently led,  jf  fed  from  the  beginning  of  the  experiment,  to  long 
maintenance  and  confusing  data.  This  is  due,  on  the  one  hand, 
to  the  diflSculty,  if  not  impossibility,  of  making  complete  ex- 
tractions, so  that  the  residues  still  contain  traces  of  the  factor  B, 
and,  on  the  other  hand,  to  the  fact  that  in  all  probability  solvents 
in  wtiich  this  substance  is  regarded  as  insoluble  remove  small 
amounts  when  the  extractions  are  greatly  prolonged.  Such  resid- 
ual amounts  may  well  be  wholly  inadequate  to  cause  recovery  of 
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an  animal  in  a  serious  pathological  state,  but,  vAien  furnished 
from  the  beginning  of  the  feeding  experiment,  may  extend  the 
period  of  growth  or  maintenance  and  delay  the  appearance  of 
signs  of  failure. 

In  conducting  the  work  reported  in  this  paper,  we  followed  the 
plan  of  feeding  a  diet  of  purified  food  substances  together  with  5 
per  cent  of  butter  fat  to  supply  an  abundance  of  the  fat-soluble 
A.  This  diet  was  complete  except  that  it  was  free  from  the  water- 
soluble  B.  The  rats  were  confined  to  this  food  mixture  until 
they  either  had  become  stationary  in  weight  or  were  declining. 
By  the  6th  week  nearly  aU  were  either  stationary  in  weight  or 
were  failing  and  they  almost  invariably  showed  signs  of  paralysis 
at  about  this  time.  When  the  rats  were  thus  prepared,  the 
material  to  be  tested  for  the  water-eoluble  B  was  put  into  the 
diet.  The  animals  then  either  continued  to  decline  or  responded 
with  growth.  This  method  served  to  show  within  2  weeks 
whether  the  substance  B  in  significant  amoimt  was  in  the  prepa- 
ration under  investigation.  This  procedure  makes  the  test  de- 
cisive. It  also  greatly  shortens  the  time  required  to  make  the 
test. 

The  scheme  of  applying  successively  to  raw  navy  beans  the 
solvents  ether,  benzene,  and  96  per  cent  alcohol,  in  the  order 
named,  and  of  feeding  in  separate  experiments  the  extract  and 
residue  in  the  case  of  benzene  and  alcohol  showed  that  benzene 
does  not  remove  the  water-soluble  B  from  ether-extracted  beans 
while  hot .  alcohol  docss.  The  extraction  with  hot  alcohol  is 
not  complete  in  a  Soxhlet  apparatus  in  18  hours. 

A  siu^prising  result  was  observed  when  the  material  which  was 
dissolved  from  beans  by  hot  alcohol  was  deposited  on  dextrin  and 
the  latter  then  extracted  with  hot  benzene.  The  bemenesolMe 
material  obtained  by  this  procedure  was  very  effective  in  inducing 
growth  and  in  causing  the  prompt  recovery  of  rats  in  the  poly- 
neuritic state.  A  benzene  extract  prepared  directly  from  ether- 
extracted  beans,  however,  doels  not  contain  an  appreciable  amount 
of  the  substance  B.  Benzene,  therefore,  does  not  remove  the 
water-soluble  B  from  beans  directJy,  but  once  this  substance  is 
extracted  by  alcohol  it  is  soluble  in  benzene. 

Acetone  does  not  extract  the  water-soluble  B  when  the  solvent 
is  applied  directly  to  the  ether-extracted  beans,  and  extracts  only 
traces  when  appUed  to  the  alcohol-soluble  matter  from  beans. 
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It  is,  therefore,  possible  to  exhaust  beans  successively  with  ether, 
benzene,  and  acetone,  and  then  to  extract  the  physiologically 
active  substance  with  alcohol.  If  the  alcohol  is  then  evapK>rated 
upon  some  substance,  as  dextrin,  to  distribute  the  alcohol-soluble 
material  over  a  large  surface,  the  desired  substance  can  then  be 
extracted  with  benzene  (17).  It  is  obvious  that  by  this  procedure 
and  with  the  introduction  of  still  other  solvents  the  substances 
which  accompany  the  physiologically  active  compound  can  in 
great  measure  be  eliminated.  By  the  introduction  of  precipita- 
tion methods  at  that  point  where  interfering  substances  have 
been  eUminated  as  far  as  possible,  the  chances  of  success  in  the 
preparation  of  a  pure  product  or  the  preparation  of  derivatives, 
and  with  a  minimum  of  loss  in  manipulation,  are  much  greater, 
we  believe>  than  in  the  methods  of  procedure  hitherto  emploj^ 
by  others. 

In  the  experimental  part  of  this  paper  it  is  shown  that  the 
water-soluble  B  is  not  extracted  directly  from  beans,  wheat  germ, 
or  pig  kidney  by  ether,  benzene,  or  acetone,  but  is  readily  ex- 
tracted in  great  part  by  alcohol.  After  being  removed  by  alcohol 
it  is  shown  to  be  soluble  in  benzene,  but  very  slightly  soluble  in 
acetone.  The  probability  that  there  should  be  two  or  more 
physiologically  indispensable  substances  in  what  we  term  water- 
soluble  B,  both  or  all  of  which  should  show  the  same  solubility 
relations  with  three  solvents,  is  relatively  smaU  and  lends  sup- 
port to  our  view  that  the  substance  which  protects  animals 
against  polyneuritis  is  the  only  essential  complex  in  the  extracts 
described.  In  other  words,  the  data  support  the  view  that  there 
are  no  specific  substances  present  in  these  extracts  which  pro- 
tect against  such  diseases  as  scurvy,  rickets,  pellagra,  sprue,  etc., 
and  tend  to  confirm  our  contention  that  the  latter  are  not  due  to 
specific  starvation  as  is  the  case  with  beri-beri  and  xerophthal- 
mia (16). 

In  interpreting  the  charts  it  should  be  remembered  that  at  the 
point  marking  the  beginning  of  the  second  period  the  animals 
were  at  or  near  the  point  of  showing  loss  of  muscular  control, 
and  that  response  with  even  a  slow  rate  of  growth  on  the  ad- 
dition of  a  preparation  is  conclusive  evidence  of  the  presence  of 
the  physiologically  active  substance,  water-soluble  B.* 

*  Credit  is  due  to  Mr.  H.  S.eenbock  for  the  preparation  of  the  extracts 
emploj'ed  in  this  work. 
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In  the  fojlowing  charts,  the  diet  in  Period  1  consisted  of  purified 
foodstuffs  plus  5  per  cent  of  butter  fat. 

Casein 18.0 

Salt  mixture  185 3.7 

Agar-agar 2.0 

Dextrin 71 .3 

Butter  fat 5.0 

Composition  of  Salt  Mixture  186, 

gm. 

NaCl 0.173 

MgSO*  (anhydrous) 0.266 

NaH,P04.H,0 0.347 

K,HP04 0.954 

CaH4(P04),.H,0 0.540 

Fe  citrate 0. 118 

Ca  lactate 1 .300 

Chart  1.^    Lots  963  A,  962  A,  and  962  B. 

Lot  96S  A.  Period  1, — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — ^Ration:  Same  as  Period  1  phis  the  benzene  extract  of  ether- 
•extracted  raw  navy  beans  equivalent  to  30  gm.  of  beans  per  100  gm.  of 
ration. 

Period  8. — ^Ration:  Same  as  Period  1  plus  the  benzene  extract  of  the 
alcohol-soluble  part  of  ether-extracted  raw  beans,  equivalent  to  30  gm. 
of  beans  per  100  gm.  of  ration;  i.e.,  alcohol-soluble,'  benzene-soluble  part 
of  the  bean. 

This  experiment  shows  that  the  water-soluble  B  is  extracted 
from  raw  beans  by  hot  alcohol,  but  not  by  ether  or  warm  ben- 
zene. After  the  substance  has  been  extracted  from  beans  by 
means  of  alcohol,  it  is,  however,  soluble  in  benzene  (see  Chart 
2,  Lot  953  B,  Period  4). 

*  The  curves  presented  in  this  and  the  following  charts  are  actual 
records  of  animals,  and  are  representative  of  a  group  usually  of  four  in- 
dividuals. For  economy  of  space  a  single  record  is  shown.  The  broken 
curves  marked  N  represent  the  normal  expectation  of  growth. 

*  Only  95  per  cent  alcohol  was  employed  in  making  the  alcoholic  ex- 
tracts used  in  these  experiir.ents. 
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Lot  962  A,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — Ration:  Same  as  Period  1  plus  the  alcohol-soluble  portion  of 
ether-extracted  raw  navy  beans  evaporated  on  dextrin  and  extracted  with 
acetone;  i.e.,  alcohol-soluble,  acetone-insoluble  part  of  beans.  The  ration 
contained  the  eqmvalent  of  30  per  cent  of  beans. 

Period  S. — ^Ration:  Same  as  Period  2  but  with  the  alcohol-soluble, 
acetone-insoluble  part  of  the  raw  beans  heated  40  minutes  at  15  pounds' 
pressure  in  an  autoclave. 

Period  4. — Ration:  Same  as  Period  1  plus  the  acetone  extract  of  the 
alcoholic  extract  of  ether-extracted  raw  beans,  plus  the  acetone-insol- 
uble residue,  t.«.,  the  equivalent  of  the  total  alcoholic  extract,  after  being 
heated  with  acetone.  The  ration  contained  the  equivalent  of  30  per  cent 
of  beans  (see  preparation  951  B,  under  Chart  3). 

In  Chart  4,  Lot  951  B,  it  is  shown  that  growth  could  not  be 
secured  with  the  acetone-soluble  part  of  the  alcoholic  extract  of 
30  per  cent  of  raw  beans  in  the  diet.  Since  10  per  cent  of  beans 
supplies  enough  of  the  water-soluble  B  to  induce  growth  (Chart 
10,  Lot  933)  and  neither  the  acetone  extract  or  residue  from  the 
alcohoUc  extract  of  30  per  cent  of  beans  in  Lot  952  A,  Chart  1 
and  Lot  951  B,  Chart  4,  induced  growth,  it  seems  certain  that 
there  is  a  slow  destruction  of  the  physiologically  active  substance 
in  hot  acetone. 

Lot  952 B.  Period  1, — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — Ration:  Same  as  Period  1  plus  25  per  cent  of  raw  beans 
extracted  with  ether,  then  with  benzene. 

^Period  5. — Ration:  Same  as  Period  2,  but  with  the  beans  moistened 
with  distilled  water  and  heated  at  15  pounds'  pressure  for  40  minutes  in 
an  autoclave. 

Neither  ether  nor  benzene  removes  the  water-soluble  B  from 
beans.  In  the  second  period  the  rats  apparently  did  not  grow 
because  of  failure  to  eat  the  ration  containing  raw  beans.  After 
heating  the  bean  residue  with  water  and  thus  making  it  more 
palatable,  growth  at  once  took  place,  which  shows  that  the 
factor  B  was  still  in  the  residue. . 

Preparation  of  Extract  and  Residite  Used  with  Lots  95S  A  and 
962  B. — 1,000  gm.  of  finely  ground  raw  navy  beans  were  ex- 
tracted continuously  for  25  hours  with  alcohol-free  ether.  The 
residue  was  then  extracted  with  benzene  in  three  successive  6 
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hour  periods  using  fresh. solvent  each  time  to  reduce  the  amoimt 
of  exposure  to  heat.  1.635  gm.  of  material  were  extracted  in  the 
first  two  6  hour  periods  and  0.222  gm.  was  extracted  in  the  last. 
They  were  made  up  to  100  gm.  with  dried  dextrin.  The  residue 
was  freed  from  benzene  and  later  heated  in  the  autoclave.  ^The 
benzene-soluble  part  was  employed  in  the  ration  of  Lot  953  A, 
Period  2.  The  benzene-insoluble  part  was  used  with  Lot  952  B, 
Period  2,  and,  after  heating,  in  Period  3.  For  the  alcohol-soluble, 
acetone-insoluble  fraction,  employed  in  Chart  1,  Lot  952  A, 
Period  2,  see  under  951  A,  Chart  3. 

Preparation  of  the  Extract  and  Residiie  Employed  with  Lots 
953  A,  Period  5,  and  958  B,  Period  ;^.— 1,000  gm.  of  finely  ground 
raw  navy  beans  were  extracted  for  25  hours  with  alcohol-free 
ether.  13.33  gm.  of  material  were  thus  removed.  The  extracted 
residue  freed  from  ether  was  then  extracted  with  95  per  cent 
alcohol  in  three  successive  6  hour  periods.  After  distilling  oflf  the 
alcohol  30.45  gm.  of  extractives  were  left  from  the  first  two  6 
hour  periods  and  9.7  gm.  from  the  last.  They  were  united  in 
alcohol-water  solution  and  evaporated  on  dextrin.  Final  weight 
of  dry  material,  165.1  gm. 

The  dextrin  which  carried  the  alcoholic  extracts  was  trans- 
ferred to  a  small  Soxhlet  apparatus  and  extracted  with  benzene 
successively  in  a  6,  6f ,  and  an  8  hour  period.  The  extract  from 
the  first  two  periods  weighed  25.39  gm.,  from  the  last  period  0.61 
gm.  They  were  united,  dried  at  37**C.,  and  ground  up  without 
evaporating  on  dextrin.  This  was  fed  to  Lot  953  A,  Period  3, 
Chart  1,  and  to  Lot  953  B,  Period  4,  Chart  2.  • 

The  residue  from  the  benzene  extraction  (alcohol-soluble,  ben- 
zene-insoluble material)  was  made  up  to  200  gm.  with  dextrin. 
This  preparation  was  fed  to  Lot  953  B,  Period  2,  Chart  2.  It 
was  later  moistened  with  distilled  water  and  heated  40  minutes 
in  an  autoclave  at  15  pounds'  pressure. 

ChaH  2.    Lots  953  B,  994  A,  and  994  B. 

Lot  953  B.  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  B. — Ration:  Same  as  Period  1  plus  the  portion  of  raw  beans, 
soluble  in  alcohol  but  insoluble  in  benzene,  equivalent  to  30  per  cent  of 
beans. 
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Period  S, — ^Ration:  Same  as  Period  2  but  with  alcohol-soluble,  benzene- 
insoluble  residue  of  raw  beans  heated  40  minutes  in  an  autoclave  at  15 
pounds'  pressure. 

Period  4- — Ration:  Same  as  Period  3  but  with  the  benzene-soluble  por- 
tion of  the  alcohol-soluble  part  of  the  beans  included;  i,e,,  the  total  alco- 
holic extract  of  beans  after  treatment  with  benzene  (used  extract  equiva- 
lent to  30  per  cent  of  beans). 

The  alcoholic  extract  of  raw  navy  beans  contains  the  dietary- 
essential  water-soluble  B.  Although  benzene  does  not  extract 
this  substance  from  the  beans  directly  (Chart  1,  Lot  953  A, 
Period  2;  Chart  2,  Lot  994  B),  once  it  has  been  removed  from 
the  beans  by  means  of  hot  alcohol,  and  the  alcohol  evaporated, 
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benzene  dissolves  the  physiologically  active  substance  fairly 
readily  (Chart  1,  Lot  953  A,  Period  3;  Chart  2,  Lot  953  B, 
Period  4). 

Lot  994  -A.  Period  i.— Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  f. — Ration:  Same  as  Period  1  but  with  the  benzene  extract  of 
ether-extracted  cooked  navy  beans,  equivalent  to  30  per  cent  of  beans  in 
the  diet. 

Benzene  does  not  take  out  the  water-soluble  B  from  the  beans 
directly  (Chart  1,  Lot  953  A,  Period  2).  It  must  be  first  re- 
moved by  hot  alcohol,  after  which  it  is  fairly  soluble  in  hot  ben- 
zene (compare  Chart  1,  Lot  953  A,  Periods  2  and  3,  and  Chart  2, 
]953B,  Period  4).    Lot  994  B,  Period  2,  shows  that  the 
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factor  B  is  still  in  the  residue  of  the  cooked  beans  after  extraction 
with  ether  and  then  with  benzene. 

Lot  994  B,    Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  o 
butter  fat. 

Period  i, — Ration :  Same  as  Period  1  but  with  25  per  cent  of  navy  beans 
(cooked)  extracted  tvith  both  ether  and  benzene. 

This  experiment  shows  that  in  Chart  2,  Lot  994  A,  Period  2, 
benzene  failed  to  take  out  the  waternsoluble  B  from  cooked  beans, 
although  the  substance  was  still  present  after  the  thorough 
cooking.  Lot  994  B  shows  that  the  residue  of  beans  after  extrac- 
tion with  ether  and  then  with  benzene  still  contains  the  imknown 
B.  As  we  pointed  out  under  Chart  1,  Lot  953  A,  Period  3,  the 
substance  is  soluble  in  benzene  after  first  being  removed  by 
alcohol. 

Preparation  of  Extract  and  Residue  Used  with  Lots  994  ^  «^ 
994  B. — 1,161  gm.  of  cooked  navy  beans  were  extracted  with 
alcohol-free  ether  for  18  hours.  The  residue  was  then  extracted 
with  benzene  in  three  consecutive  6  hour  periods.  The  first  two 
6  hour  periods  gave  5.36  gm.  of  extract,  the  last  period  gave 
0.904  gm.  of  extract.  The  extracts  were  taken  up  in  benzene, 
in  which  they  readily  redissolved,  and  then  were  evaporated  on 
dextrin  and  made  up  to  77.4  gm.  The  extract  (benzene-soluble 
material)  was  fed  in  the  ration  of  Lot  994  A,  Period  2.  The 
residue  (benzene-insoluble)  was  fed  in  the  ration  of  Lot  994  B, 
Period  2. 

Chart  S.    Lots  954  A,  954  By  and  951  A. 

Lot  9S4  A.  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  £. — Ration:  Same  as  Period  1  plus  25  per  cent  of  the  residue  of 
raw  navy  beans  after  extraction  with  ether  and  then  with  acetone. 

Period  S. — Ration :  Same  as  Period  2  but  with  the  bean  residue  moist- 
ened with  distilled  water  and  heated  40  minutes  in  an  autoclave  at  15 
pounds'  pressure. 

Neither  ether  nor  acetone  removes  the  water-soluble  B  from 
raw  beans  (Chart  3,  Lot  954  B,  Period  2).  There  was  no  growth 
in  Period  2  of  Lot  954  A  in  which  ether-  and  acetone-extracted 
raw  beans  were  added  to  the  diet,  but  this  we  attribute  to  failure 
of  food  consumption  because  in  Period  3,  after  cooking  the  bean 
residue,  which  made  it  more  palatable,  rapid  growth  took  place. 
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Lot  964  B,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  B. — ^Ration :  Same  as  Period  1  with  an  acetone  extract  of  ether- 
extracted  raw  navy  beans  equivalent  to  30  per  cent  of  beans  in  the  diet. 

Acetone  does  not  readily  extract  the  water-soluble  B  from  raw 
beans  (see  Chart  4,  Lot  1,001  B,  Period  2).  The  acetone-soluble 
part  of  the  bean  does  not  induce  appreciable  growth,  but  the  ace- 
tone-msoluble  cooked  residue  does  (Chart  3,  Lot  954  A,  Period  3). 

Lot  951  A.  Period  1. — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  i, — ^Ration:  Same  as  Period  1  but  with  25  per  cent  of  the  residue 
of  raw  navy  beans  after  extraction  with  ether,  then  with  alcohol. 
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Period  S. — Ration :  Same  as  Period  2,  but  with  the  bean  residue  moist- 
ened with  distilled  water  and  heated  in  an  autoclave  40  minutes  at  15 
pounds'  pressure. 

This  experiment  shows  that  the  method  of  alcohoUc  extraction 
employed  did  not  remove  all  of  the  water-soluble  B  from  the 
beans.    The  residue  was  still  potent  in  promoting  growth. 

Preparation  of  Extract  and  Residue  Used  with  Lots  954  -4, 
Period  2,  and  954  B,  Period  2, — 1,000  gm.  of  finely  ground  raw 
navy  beans  were  extracted  continuously  with  alcohol-free  ether 
for  24^  hours.  13.19  gm.  of  material  were  extracted.  The  residue 
was  freed  from  ether  at  room  temperature  and  extracted  with 
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acetone  in  three  consecutive  6  hour  periods  changing  the  flask 
containing  the  extract  each  time.  On  distilling  off  the  acetone, 
3.77  gm.  were  found*  to  have  been  removed  by  extraction  in  the 
first  two  6  hour  periods  and  0.75  gm.  in  the  last.  They  were 
taken  up  in  a  small  amoimt  of  ether  and  evaporated  on  dextrin 
(95.5  gm.)  giving  a  final  weight  of  100  gm.  This  extract  was  fed 
in  the  ration  of  Lot  954  B,  Period  2.  The  residue  (that  which 
was  insoluble  in  acetone)  was  later  heated  and  fed  in  the  ration  of 
Lot  954  A,  Periods  2  and  3. 

Preparation  of  Extract  and  Residue  Used  in  Chart  7,  Lot  952  A, 
Period  2,  Chart  5,  Lot  951  A,  Period  2,  and  Chart  4,  Lot  951  B, 
Period  2. — 1,000  gm.  of  finely  ground  raw  navy  beans  were  ex- 
tracted with  alcohol-free  ether  for  25  hours.  Upon  evaporating 
off  the  ether,  13.30  gm.  of  material  were  foimd  to  have  been 
removed  by  the  extraction. 

The  residue  from  the  above  extraction  was  freed  from  ether  at 
room  temperature  and  then  extracted  with  95  per  cent  alcohol  in 
three  consecutive  6  hour  periods,  using  fresh  or  recovered  sol- 
vent each  time  in  order  to  minimize  the  possible  destructive  ac- 
tion of  heat  on  the  extract.  25.5  gm.  of  material  were  left  as  the 
extract  of  the  first  two  6  hour  periods  after  distilling  off  the  alco- 
hol and  7.85  gm.  from  the  last  6  hour  period.  These  extracts 
were  taken  up  in  a  little  water  and  alcohol  and  then  evaporated 
on  dextrin  and  dried  at  90-^95**  for  a  few  hours.  The  dry  weight 
was  128.35  gm.  The  residue  from  the  extraction  was  freed  from 
alcohol  by  heating  at  90**  for  3  hours.  Later  part  of  this  residue 
was  soaked  in  water  and  heated  in  the  autoclave  at  15  pounds' 
pressure  for  40  minutes.  This  preparation  (alcohol-insoluble)  was 
fed  to  Lot  951  A,  Chart  3,  Period  2. 

The  128.35  gm.  of  dried  dextrin  residue  carrying  the  alcoholic 
extract  from  1,000  gm.  of  raw  navy  beans  was  next  extracted  with 
acetone  in  a  small  Soxhlet  apparatus,  again  in  three  consecutive  6 
hour  periods.  After  removing  the  acetone  with  minimum  heat 
exposure,  7.96  gm.  of  extract  were  left  from  the  first  two  6  hoiw 
periods  and  0.81  gm.  from  the  last  6  hour  period.  They  were 
taken  up  in  alcohol,  evaporated  on  dextrin,  and  made  up  to  100 
gm.  This  mixture  was  fed  to  Lot  951  B,  Chart  4,  Period  2.  The 
residue  from  the  acetone  extraction  was  freed  from  acetone  and 
made  up  to  125  gm.  with  dextrin.  It  was  employed  in  the 
ration  of  Lot  952  A,  Chart  1,  Period  2. 
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Chart  4'    Lots  961  B,  1,001  A,  and  1,001  B. 

Lot  961  B.  Period  L — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  f. — ^Ration:  Same  as  Period  1,  but  with  the  acetone-soluble  part 
of  the  alcohol-soluble  part  of  ether-extracted  raw  navy  beans,  equivsdent 
to  30  per  cent  of  beans  in  the  diet. 

Period  S. — ^Ration:  Same  as  Period  2  but  with  the  addition  of  the  ace- 
tone-insoluble part  of  the  alcohol-soluble  part  of  beans,  equivalent  to  30 
per  cent  of  beans;  i.e.,  the  equivalent  of  the  entire  alcohol-soluble  part 
of  the  beans,  after  being  heated  with  acetone. 

This  experiment  shows  that  even  after  extraction  with  alcohdl, 
the  water-soluble  B  is  but  slightly  soluble  in  acetone.  This  con- 
clusion is  fiuiiher  supported  by  Chart  4,  Lot  1,001  B,  Period  2,  and 
Chart  5,  1,001  C,  Period  2. 
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In  Chart  1,  Lot  952  A,  Period  2,  it  is  shown  that  no  growth 
could  be  secured  with  the  alcohol-soluble,  acetone-insoluble  por- 
tion of  beans  equivalent  to  30  per  cent  of  beans  in  the  diet. 
This  suggests  that  there  is  a  slow  destruction  of  the  water-soluble 
B  during  heating  with  acetone. 

Lot  1,001  A,  Period  1, — Ration:  Purified  food  mixture  plus  5  per  cent 
of  butter  fat. 

Period  t. — Ration:  Same  as  Period  1  plus  the  acetone  extract  of  the 
alcoholic  extract  and  residue  of  same,  of  10  gm.  of  ether-extracted  cooked 
navy  beans;  i.e.,  the  equivalent  of  the  alcoholic  extract  of  navy  beand 
after  being  heated  with  acetone. 

Lot  lyOOl  B,  Period  /.-—Ration:  Purified  food  mixture  plus  5  per  cent 
of  butter  fat. 
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Period  f. — Ration:  Same  as  Period  1  plus  the  acetone-soluble  part  of 
the  alcoholic  extract  of  ether-extracted  cooked  navy  beans  equivalent  to 
60  gm.  of  beans. 

This  experiment  shows  that  the  water-soluble  B  is  slightly 
doluble  in  acetone  but  very  much  less  so  than  in  benzene  (com- 
pare with  Chart  1,  Lot  953  A,  Period  3,  and  Chart  5,  Lot  1,001  C, 
Period  2). 

Preparation  of  Extract  and  Residue  Employed  with  Lots  IflOl  A, 
IflOl  B,  and  1,001  C, — 935  gm.  of  cooked  navy  beans  were  ex- 
tracted with  ether  for  18  hours.  The  residue,  freed  from  ether, 
was  then  extracted  with  alcohol  for  18  hours  in  three  consecutive 
6  hour  periods,  changing  the  flask  containing  the  extract  at  the 
•end  of  each  period.  The  first  12  hours'  extract  evaporated  on 
dextrin  gave  26.7  gm.  of  material,  the  last  6  hours'  gave  7.6  gm. 
The  extracts  were  imited  and  made  up  to  200  gm.  with  dextrin. 

100  gm.  of  the  above  preparation  equivalent  to  467  gm.  of 
beans  were  extracted  with  freshly  redistilled  acetone,  as  outlined 
above.  The  first  12  hours'  extraction  gave  14.7  gm.  of  extract, 
the  last  6  hours'  0.5  gm.  The  extracts  were  united  and  made 
up  with  dextrin  to  100  gm.  This  preparation  was  employed 
with  Lot  1,001  B,  Period  2.  The  residue  was  likewise  made  up 
to  100  gm.  after  the  extraction.  This  preparation  was  em- 
ployed with  Chart  5,  Lot  .1,001  C,  Period  2.  Both  the  ex- 
tract and  residue  were  employed  in  the  ration  of  Lot  1,001  A, 
Period  2. 

Chart  6.    Lots  1,001  C,  8S6  R,  and  886  E. 

Lot  1,001  C.  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent 
of  butter  fat. 

Period  f. — Ration:  Same  as  Period  1  but  with  the  residue  of  the  ace- 
tone extract  of  the  alcoholic  extract  of  ether-extracted  cooked  navy  beans 
equivalent  to  60  per  cent  of  beans;  t.e.,  the  alcohol-soluble,  acetone-in- 
•soluble  part. 

This  experiment  shows  that  in  time  hot  acetone  separates  a 
part  of  the  water-soluble  B  from  the  cooked  navy  beans  (see 
Chart  4,  Lot  1,001  B),  but  leaves  the  larger  part  of  it  in  the 
residue.  Rats  grow  on  both  the  acetone  extract  and  its  residue 
when  the  plane  of  intake  is  sufficiently  raised. 
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Lot  8S6  R,  Period  1, — Ration:  Purified  food  mixture  plus  5  p)er  cent  of 
butter  fat. 

Period  t. — Ration :  Same  as  Period  1  plus  3  per  cent  of  the.  residue  after 
ether  and  acetone  extraction  of  wheat  embryo. 

*  « 

This  experiment  shows  that  acetone  does  not  take  out  to  any 

appreciable   extent   the   water-soluble   B   from   ether-extracted 

wheat  embryo.    Studies  with  pigeons  indicate  that  traces  are 

removed  by  this  solvent,  for  the  acetone  extract  of  wheat  embryo 

relieves  polyneuritic  pigeons  (4). 

Lot  8S6  E,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  i, — Ration:  Same  as  Period  1  but  with  the  acetone  extract  of 
ether-extracted  wheat  embryo  equivalent  to  14.28  per  cent  of  wheat 
embryo  in  the  diet. 

This  experiment  shows  that  acetone  takes  out  the  water- 
soluble  B  from  wheat  embryo  to  a  very  slight  extent. 

Preparation  of  the  Extract  and  Residue  Employed  with  Chart  5, 
Lots  8S6  R  and  8S6  E;  Chart  6,  Lot  886  R  +  £.—500  gm.  of  wheat 
embryo  previously  extracted  with  alcohol-free  ether  for  18  hours 
were  extracted  continuously  with  hot  acetone  in  a  Soxhlet  appa- 
ratus for  18  hours.  The  acetone  was  distilled  ofF,  the  residue  taken 
up  with  hot  water,  and  evaporated  on  300  gm.  of  dry  dextrin. 
After  drying,  3.2  gm.  were  foimd  to  have  been  removed  in  the  ex- 
traction process.  The  extract  was  made  up  to  400  gm.  with 
dextrin. 

Chart  6.    Lots  836  R  +  E,  789  A,  and  791  A. 

Lot  896  R  H-  E,  Period  1. — Ration:  Purified  food  mixture  plus  5  p)er 
cent  of  butter  fat. 

Period  f . — Ration :  Same  as  Period  1  but  with  the  addition  of  3  p)er  cent 
of  the  ether-  and  acetone-extracted  residue  plus  the  acetone  extract  of  14 
gm.  of  ether-extracted  wheat  embryo  per  100  gm.  of  ration. 

This  experiment  shows  that  the  water-soluble  B  is  not  rapidly 
destroyed  by  prolonged  treatment  with  hot  acetone.  There  was 
no  evidence  from  the  appearance  or  activity  that  these  rats  re- 
ceiving both  the  acetone  extract  and  residue  as  in  836  R  +  E 
were  in  better  condition  than  those  receiving  only  the  residue,  as 
in  Chart  5,  Lot  836  R.  This  supports  the  view  that  there  is 
but  a  single  substance  in  what  we  term  water-soluble  B. 


Digitized  by 


Google 


E.  V.  McCoUum  and  N.  Simmonds  75 


\ 

\ 

•»o* 

\ 

< 

} 

f 

N 

\ 

[ 

\ 

V 

\ 

^ 

\ 

M 
s 

> 

r 

\ 

V 

) 

\ 

( 

M 

K 

\ 

)J 

M 

\^ 

^ 

<o 

a 
§ 

N 

k 

1 

k 

aiTO  g       8      I       § 


Digitized  by 


Google 


76  Water-Soluble  B 

Lot  789  A.  Period  1. — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  i. — ^Ration:  Same  as  Period  1  plus  3  per  cent  of  the  ether-  and 
benzene-extracted  residue  of  wheat  embryo. 

This  experiment  shows  that  hot  benzene  does  not  remove  the 
waternsoluble  B  from  ether-extracted  wheat  germ  directly.  This 
is  in  agreement  with  the  results  obtained  with  beans  (Chart  1, 
Lot  953  A,  Period  2,  and  Chart  2,  Lot  994  A,  Period  2). 

Lot  79 1  A,  Period  L — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  t. — Ration:  Same  as  Period  1  plus  the  benzene  extract  of  14.28 
p)er  cent  of  ether-extracted  wheat  embryo. 

Period  5. — Ration:  Same  as  Period  2  plus  3  per  cent  of  the  ether-  and 
benzene-extracted  residue  of  wheat  embryo. 

Two  rats  had  polynem-itis  in  Period  2.  In  Period  3  the  ration 
caused  prompt  recovery.  This  experiment  shows  that  benzene 
does  not  remove  the  waternsoluble  B  directly  from  wheat  em- 
bryo. The  residue  fed  in  Period  3  still  contained  the  physio- 
logically active  substance. 

Preparation  of  Extract  and  Residue  Employed  with  Chart  6,  Lots 
789  A  and  791  A, — 1,000  gm.  of  wheat  embryo  which  had  been 
extracted  18  hours  with  alcohol-free  ether  were  extracted  with  hot 
benzene  continuously  for  18  hours.  Most  of  the  benzene  was 
then  distilled  oflF  and  the  residue  which  was  readily  soluble  in  a 
little  benzene  was  evaporated  in  a  weighed  crystallizing  dish  and 
dried  in  vacuo  24  hours.  The  weight  of  the  material  dissolved  by 
benzene  was  3.629  gm.  This  was  again  taken  u^  in  benzene  and 
evaporated  on  dextrin,  and  made  up  to  200  gm.  with  dried  dex- 
trin. This  preparation  was  employed  in  the  ration  of  Lot  791  A, 
Period  2. 

The  benzene-insoluble  material  was  used  in  the  rations  of  Lot 
789  A,  Period  2,  and  also  in  Lot  791  A,  Period  3. 

Chart  7.    Lots  966  A,  956  A,  and  1,000  A, 

Lot  955  A,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  B. — Ration:  Same  as  Period  1  plus  the  chloroform  extract  of 
ether-extracted  wheat  embryo  equivalent  to  15  per  cent  of  wheat  embryo. 

Lot  956  A,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 
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Period  B. — Ration :  Same  as  Period  1  but  with  the  addition  of  3  per  cent 
of  wheat  germ  which  had  been  extracted  with  ether  and  afterwards  with 
hot  chloroform  for  18  hours. 

This  experiment  shows  that  neither  ether  nor  hot  chloroform 
takes  out  the  waternsoluble  B  from  wheat  embryo. 

Lot  ifiOO  A.  Period  1, — Ration:  Purified  food  mixture  plus  5  per  cent 
of  butter  fat. 

Period  f. — Ration:  Same  as  Period  1  but  with  the  alcoholic  extract  of 
ether-extracted  raw  beans  equivalent  to  10  per  cent  of  beans. 

It  has  been  shown  previously  that  it  is  very  difficult,  if  at  all 
possible,  to  extract  completely  the  water-soluble  B  from  beans 
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by  means  of  hot  alcohol  (Chart  3,  Lot  951  A,  Period  3).  This  is 
doubtless  due  to  the  great  difficulty  of  grinding  beans  to  an 
impalpable  powder. 

Preparation  of  the  Extract  and  Residne  Employed  with  Chart  7, 
Lots  955  A  and  95G  A. — 589  gm.  of  wheat  embryo  previously 
extracted  with  ether  for  18  hours  were  extracted  with  chloro- 
fonri  in  three  consecutive  6  hour  periods.  0.838  gm.  was 
extracted  in  the  first  two  6  hour  periods  and  0.218  gm.  in  the  last. 
The  extracts  were  taken  up  in  chloroform,  evaporated  on  dex- 
trin, and  made  up  to  58.9  gm.  with  dried  dextrin.  All  evaporat- 
ing and  drying  operations  were  carried  out  with  the  least  possible 
exposure  to  heat.  The  extract  (chloroform-soluble  material)  was 
used  in  the  ration  of  Lot  955  A.  The  chloroform-extracted 
residue  of  wheat  embryo  was  employed  in  the  ration  of  Lot  956  A. 
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Preparation  of  the  EHrads  Employed  with  Chart  7,  Lot  IflOO  A 
and  Chart  8,  Lot  1,000  B. — 1,052  gm.  of  raw  navy  beans  after 
extraction  with  ether  for  18  hours  were  extracted  with  hot  alco- 
hol for  18  hours  in  3  consecutive  6  hour  periods,  changing  the 
flasks  containing  the  extracts  at  the  end  of  each  period.  The 
first  12  hours'  extraction  jdelded  45  gm.  of  extractives,  the  last 
6  hours'  10.2  gm.  The  extracts  were  evaporated  on  dextrin, 
united,  and  made  up  to  200  gm.  with  dextrin.  This  extract  was 
used  in  the  ration  of  Chart  7,  Lot  1,000  A,  equivalent  to  10  per 
cent  of  beans,  and  in  Chart  8,  Lot  1,000  B,  equivalent  to  15  per 
cent  of  beans. 

Chart  8.    Lots  1,000  B,  973  A,  and  973  B. 

'Lot  1,000 B.  Period  1. — ^Ration:  Purified  food  mixture  plus  5  per  cent 
of  butter  fat. 

Period  f. — ^Ration:  Same  as  Period  1,  but  with  the  addition  of  the  hot 
alcoholic  extract  of  15  gm.  of  ether-extracted  raw  navy  beans  per  100  gm. 
of  ration. 

The  animals  in  this  lot  which  received  the  alcoholic  extract  of 
15  per  cent  of  raw  beans  were  but  little  better  off  than  those  in 
Chart  7,  Lot  1,000  A,  which  got  their  supply  of  the  factor  B  from 
the  alcoholic  extract  of  10  per  cent  of  beans.  Incomplete  extrac- 
tion appears  to  be  unavoidable  when  beans  are  used. 

Lot  97S  A,  Period  L — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  £, — Ration:  Same  as  Period  1,  but  with  the  residue  of  the  ben- 
zene extract  of  the  alcoholic  extract  of  30  per  cent  of  ether-extracted, 
cooked  navy  beans  per  100  gm.  of  ration;  i.e.,  the  alcohol-soluble,  bensene- 
insoluble  portion  was  fed. 

At  first  thought  this  curve  might  give  the  impression  that  in 
the  process  of  heating  with  water  a  progressive  destruction  df  the 
waternsoluble  B  takes  place.  25  per  cent  of  navy  beans  heated 
for  li  hours  at  15  pounds'  pressure  still  induces  normal  growth 
when  combined  with  a  suitable  mixture  of  purified  foodstuffs  (5) 
plus  5  per  cent  of  butter  fat.  In  Chart  1,  Lot  953  A,  Period  3, 
it  was  shown  that  the  benzene  extract  of  the  alcoholic  extract 
of  30  per  cent  of  ether-extracted  raw  navy  beans  sufficed  to 
induce  good  growth.    The  benzene  extract  of  the  alcoholic  ex- 
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tract  of  30  gm.  of  ether-extracted  heaUd  beans  did  not  in  Lot 
973  B  suffice  to  furnish  enough  of  the  factor  B  to  induce  growth, 
but  growth  at  a  moderate  rate  took  place  when  the  equivalent 
of  60  gm.  of  beans  per  100  gm.  of  ration  was  included.  Chart 
10,  Lot  933,  shows,  however,  that  even  10  per  cent  of  cooked 
navy  beans  suffices  to  induce  normal  growth  during  7  weeks. 
There  may  be  slight  destruction  of  the  water-soluble  B  during 
•cooking  of  beans  but  destruction  proceeds  very  slowly,  if  at  all. 
The  explanation  of  the  failiu'e  of  the  extracts  of  cooked  beans 
to  support  growth  as  well  as  extracts  of  similar  amounts  of  raw 
beans,  lies  in  the  failure  of  alcohol  to  extract  the  water-soluble  B 
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^rety  efficiently  from  cooked  beans.    This  is  apparently  due  to 
-change  in  the  physical  properties  of  the  bean. 

Lot  97S  B,  Period  i.— Ration;  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  jp.— Ration:  Same  as  Period  1,  but  with  the  benzene  extract  of 
the  alcohol-soluble  part  of  30  gm.  of  ether-extracted  cooked  navy  beans 
per  100  gm.  of  ration;  t.e.,  the  alcohol-soluble,  benzene-soluble  portion 
was  fed. 

Period  ^.—Ration:  Same  as  in  Period  2,  but  with  the  extract  increased 
to  the  equivalent  of  60  per  cent  of  beans. 

This  experiment  might  seem  to  suggest  that  there  is  progressive 
destruction  of  the  factor  B  on  cooking  the  beans  (compare  Chart 
1,  Lot  953  A,  Period  3).  The  benzene  extract  of  the  alcoholic 
extract  of  30  gm.  of  raw  beans,  prepared  in  the  same  manner  as 
the  extract  in  this  experiment,  suffices  for  the  promotion  of 
growth.    Chart  10,  Lots  932  and  933,  however,  makes  it  evident 
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that  the  dietary  unknown  is  not  greatly  reduced  in  amount  by 
the  heat  treatment,  for  10  per  cent  of  cooked  beans  still  supplies 
enough  to  support  normal  growth  for  7  weeks.  Rats  do  not  eat 
rations  which  contain  appreciable  amoimts  of  raw  beans,  so  it  is 
not  possible  to  conduct  comparable  experiments  with  heated  and 
imheated  beans.  The  true  explanation  of  these  results  is  that 
apparently  because  of  physical  change  in  the  beans  during  cook- 
ing alcohol  fails  to  extract  the  water-soluble  B  after  the  heat 
treatment. 

Preparation  of  Extracts  Employed  with  Lots  97S  A  and  97S  B. — 
918  gm.  of  navy  beans  {cooked)  were  extracted  with  ether  for  18 
hours  and  then  with  alcohol  in  three  consecutive  6  hour  periods, 
removing  the  extract  at  the  end  of  each  period.  The  first  two 
extracts  were  evaporated  on  100  gm.  of  dextrin  and  the  alcohol 
was  removed.  There  was  an  increase  in  weight  of  37.1  gm. 
The  last  6  hours*  extract  was  evaporated  on  50  gm.  of  dextrin 
giving  11.1  gm.  of  extract.  The  extracts  were  united  and  made 
up  to  200  gm.  with  dextrin. 

100  gm.  of  the  above  preparation  equivalent  to  459  gm.  of 
beans  were  extracted  with  benzene  in  three  consecutive  6  hour 
periods,  removing  the  extract  at  the  end  of  each  period.  The 
extracts  were  evaporated  in  weighed  crystallizing  dishes.  Weight 
of  first  extract,  9.80  gm.;  second  extract,  0.025  gm.;  third  ex- 
tract, trace.  The  extracts  were  taken  up  in  benzene  and  evap- 
orated on  dextrin.  Final  weight  91.8  gm.  The  alcohol-soluble, 
benzene-insoluble  portion  was  fed  to  Lot  973  A.  The  alcohol- 
soluble,  benzene-soluble  part  was  fed  to  Lot  973  B,  first,  equiva- 
lent to  30  and  later  raised  to  60  gm.  of  beans  per  100  gm.  of 
ration. 

Chart  9.     Lots  999  A,  999  B,  and  972  B. 

Lot  999  A.  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — Ration:  Same  as  Period  1,  but  with  the  addition  of  the  alco- 
holic extract  of  10  gm.  of  ether-extracted  cooked  navy  beans  per  100  gm. 
of  ration. 

Period  5. — Ration :  Same  as  Period  2,  but  with  the  extract  increased  to 
make  the  equivalent  of  30  gm.  of  cooked  beans  per  100  gm.  of  ration. 

Lot  999  B.  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 
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Period  2. — ^Ration:  Same  as  Period  1  plus  the  alcoholic  extract  of  15 
gm.  of  ether-extracted  cooked  beans. 

Period  5. — Ration :  Same  as  Period  2,  but  with  the  extract  increased  to 
equal  40  per  cent  of  beans  in  the  food  mixture. 

This  illustrates  the  diflSculty  ojf  complete  extraction  of  the 
dietary  factor  B  from  beans  by  alcohol  after  cooking.  10  per  cent 
of  beans  furnish  enough  of  this  substance  for  normal  growth  dur- 
ing 7  weeks,  but  the  alcoholic  extraction  is  so  incomplete  when 
cooked  beans  are  employed  that  the  extracts  used  in  this  experi- 
ment were  not  adequate. 
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Lot  972  B.  Period  1. — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — ^Ration:  Same  as  Period  1,  but  with  the  residue  of  25  per 
cent  of  cooked  beans,  after  extraction  with  ether  and  then  with  alcohol. 

This  experiment  supports  the  evidence  afforded  by  Chart  9, 
Lot  999  A  and  by  Lot  999  B,  that  the  failure  of  the  alcoholic  ex- 
tract of  cooked  beans  to  induce  growth  is  due  to  physical  changes 
in  the  bean  during  cookidg  whereby  the  water-soluble  B  is  pro- 
tected from  contact  with  the  solvent  and  not  because  of  destruc- 
tion of  the  physiologically  active  substance. 

Preparation  of  the  Extract  and  Itesidue  Employed  with  the  Rations 
of  Chart  9,  Lots  999  A,  999  B,  and  972  B.— 1,176  gm.  of  cooked 
navy  beans  were  extracted  with  alcohol-free  ether  for  18  hours 
and  then  with  95  per  cent  alcohol  in  three  consecutive  6  hour 
periods,  removing  the  flask  with  the  extract  at  the  end  of  each 
period  to  prevent  excessive  heating.    The  first  12  hours'  extrac- 
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tion  removed  28.4  gm.  of  material,  the  last  6  hours'  11.9  gm. 
The  extracts  were  united  and  made  up  to  200  gm.  with  dextrin. 
The  alcoholnsoluMe  material  was  fed  to  Lots  999  A,  Period  2, 
and  999  B,  Period  2;  the  alcohol-insoluble  portion  of  the  beans 
was  fed  to  Lot  972  B,  Chart  9,  Period  2. 

Chart  10.    Lots  933  and  932, 

Lot  9SS. — ^Ration:  Purified  food  mixture  plus  5  per  cent  of  butter  fat, 
plus  10  per  cent  of  cooked  navy  beans  as  the  sole  source  of  the  water- 
soluble  B. 

Lot  9St, — Same  as  Lot  933,  but  with  5  per  cent  of  cooked  beans  as  the 
source  of  the  dietary  factor  B. 


These  curves  obtained  with  10  and  5  per  cent  respectively  of 
cooked  navy  beans  point  to  the  great  richness  of  the  navy  bean 
in  the  dietary  essential  water-soluble  B.  They  indicate  that 
probably  because  of  a  change  in  the  physical  properties  of  the 
beans  during  cooking,  alcohol  fails  to  extract  this  substance  as 
well  as  it  does  from  raw  beans. 

The  stability  of  the  dietary  factor  B  when  heated  with  water 
is  a  matter  of  great  importance  in  practical  dietetics.  The  sta- 
bility of  the  factor  B  to  heat  makes  possible  its  isolation  by 
methods  involving  a  considerable  amount  of  manipulation, 
provided  the  conditions  are  kept  suitable. 
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The  Solubility  of  the  Water-Soluble  B  as  It  Exists  in  Animal 

Tissues. 

In  our  studies  of  the  fat-soluble  A  we  have  repeatedly  ob- 
served that,  while  ether  extracts  of  egg  yolk  and  the  ether-soluble 
constituents  of  milk  contain  the  unidentified  A,  plant  fats,  iso- 
lated from  the  seed  by  means  of  ether  apparently  never  contain 
this  substance  (18).  It  remains  after  exhaustive  extraction,  in 
the  fat-free  residue  of  the  plant  tissue.  We  have  suggested  that 
the  substance  (fat-soluble  A)  is  in  chemical  union  in  the  plant 
tissues  in  a  form  which  is  not  soluble  in  ether,  and  that  during 
digestion  or  absorption  it  is  set  free  and,  being  readily  soluble  in 
fats  (18),  thereafter  accompanies  the  fats  in  the  animal  body. 
It  seemed  desirable  to  extend  our  observations  on  the  solubility 
of  the  water-soluble  dietary  essential  in  organic  solvents  to  an 
animal  tissue,  since  one  cannot  extend  with  confidence  the  re- 
sults obtained  with  plant  tissues  to  tissues  of  animal  origin, 
owing  to  the  possibiUty  that  it  exists  in  the  animal  cell  in  chemical 
union.  Our  data  on  this  subject  is  still  meager  but  that  obtained 
with  dried,  unheated  pig  kidney  will  be  reported  here. 

Chart  11.    Lots  962  A,  961  A,  961  B,  and  960  B. 

Lot  962  A,  Period  1. — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — Ration:  Same  as  Period  1  with  the  addition  of  6  per  cent  of 
dry,  uncooked  pig  kidney  extracted  with  ether  and  then  with  benzene. 

This  experiment  is  in  agreement  with  Lot  961  A,  which  shows 
that  the  physiologically  active  substance  is  not  extracted  to  an 
appreciable  extent  from  animal  tissue  (kidney)  by  ether  or 
benzene. 

Lot  961  A.  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — Ration:  Same  as  Period  1,  but  with  the  benzene  extract  of 
ether-extracted  pig  kidbey  equivalent  to  6  gm.  of  tissue  per  100  gm.  of 
ration. 

Period  S. — Ration:  Same  as  Period  1,  but  with  the  addition  of  the  ben- 
zene extract  of  the  alcoholic  extract  of  ether-extracted  raw  navy  beans 
equivalent  to  30  gm.  of  beans  per  100  gm.  of  ration  (the  ration  of  Chart  1, 
Lot  953  A,  Period  3). 

The  preparation  from  beans  was  introduced  in  Period  3  to  demonstrate 
the  capacity  of  the  animals  to  grow. 
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.  Taken  in  connection  with  the  results  obtained  in  feeding  the 
benzene  extract  of  navy  beans  (Chart  1,  Lot  953  A,  Period  2), 
this  experiment  demonstrates  the  relative  insolubility  of  the 
waternsoluble  B  in  hot  benzene  in  animal  tissues  as  well  as  in 
plant  tissues. 

Lot  961  B,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2, — ^Ration:  Same  as  Period  1  but  with  6  per  cent  of  the  residue 
after  extraction  of  dry  uncooked  pig  kidney  with  ether,  then  with  acetone. 

Dry,  imcooked  pig  kidney  behaves  toward  ether  and  acetone 
in  the  same  way  as  do  the  navy  bean  and  wheat  germ,  in  that  the 
water-soluble  B  is  not  readily  extracted  even  by  prolonged 
treatment  with  these  solvents. 

Lot  960  B,  Period  1, — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  £, — ^Ration:  Same  as  Period  1,  but  with  the  addition  of  the  ace- 
tone extract  of  ether-extracted  pig  kidney  equivalent  to  6  gm.  per  100 
gm.  of  ration. 

This  experiment  shows  when  considered  along  with  Lot  961  B, 
that  acetone  does  not  readily  extract  the  dietary  essential,  water- 
soluble  B,  from  dried  raw  pig  kidney.  That  a  small  amount  was 
extracted  is  indicated  by  the  fact  that  the  animals  in  this  group 
failed  to  develop  the  loss  of  muscular  control  except  in  one  case, 
and  this  was  at  the  end  of  the  7th  week  after  the  addition  of 
acetone  extract  of  kidney,  and  at  the  end  of  the  11th  week  of  the 
experiment.  Animals  on  the  ration  of  Period  1  never  live  as 
long  as  this,  which  shows  that  the  acetone  extract  furnished  a 
little  of  the  water-soluble  B.  Lot  961  B  (Chart  11)  was  able  to 
make  appreciable  growth,  and  although  undersized  was  appar- 
ently normal.  After  the  acetone  extraction,  the  greater  part 
of  the  water-soluble  B  was  still  in  the  residue. 

Preparation  of  the  Extract  and  Residue  Employed  in  the  Ration 
of  Lot  961  B  and  960  B.— 1,935  gm.  of  fresh  pig  kidney  were 
groimd  up  in  a  meat  chopper  and  then  dried  at  95°  for  24  hours. 
The  weight  of  the  dried  kidney  was  485  gm.  which  was  equivalent 
to  25  per  cent  of  the  original  weight  of  tissue.  The  dried  residue 
was  groimd,  then  extracted  with  ether  for  4  hours,  and  then 
groimd  up  again  and  the  extraction  continued  for  an  additional 
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14  hours.  25  per  cent  of  ether-soluble  material  was  thus  re- 
moved, leaving  360  gm.  of  residue. 

112.9  gm.  of  the  above  ether-free  residue  were  extracted  with 
acetone  in  three  consecutive  6  hqur  periods,  changing  the  flask 
at  the  end  of  each  period.  The  first  two  6  hour  periods  gave 
4.572  gm.  of  extract,  the  last  6  hour  period  2.26  gm.  They  were 
taken  up  in  alcohol  and  evaporated  on  dextrin  at  40°.  The  final 
weight  of  extracts  on  dextrin  was  34.4  gm.  This  extract  (ace- 
tone-soluble material)  was  fed  in  the  ration  of  Lot  960  B,  Period 
2.  The  residue  after  extraction  (acetone-insoluble  material)  was 
fed  in  the  ration  of  Lot  961  B,  Period  2. 

Preparation  of  Extranet  and  Residue  Employed  with  Lots  961  A 
and  962  A  Respectively. — 122  gm.  of  ether-extracted  kidney 
residue  obtained  as  previously  described  were  extracted  with 
benzene  in  three  consecutive  6  hour  periods  changing  the  flask 
with  the  extract  at  the  end  of  each  period.  4.10  gm.  of  extract 
were  obtained  in  the  first  two  6  hour  periods  and  0.051  gm.  in 
the  last.  Both  fractions  were  united,  and  were  then  evaporated 
on  dextrin  yielding  28.15  gm.  The  benzene-soluble  matter  was 
fed  to  Lot  961  A,  Period  2;  the  benzene-insoluble  residue  was 
fed  to  Lot  962  A,  Period  2. 

The  Stability  of  the  Water-Soluble  B  toward  Nitrous  Add,  Hydro- 
chloric Acid,  and  Dilute  Sodium  Hydroxide, 

The  studies  of  Williams  and  his  coworkers  (3)  and  of  Sullivan 
and  Voegtlin  (3)  have  indicated  that  the  substance  which  cures 
polyneuritis  in  fowls  is  rapidly  destroyed  by  even  moderately 
dilute  alkalies,  but  is  relatively  stable  toward  mineral  acids.  We 
have  examined  preparations  of  the  water-soluble  B  prepared  from 
wheat  embryo  by  extraction  with  alcohol  after  removal  of  the 
fats  by  means  of  ether,  for  their  power  to  induce  growth  in  rats. 
The  preparations,  previous  to  feeding,  were  treated  with  one  of 
the  following  reagents:  (a)  nitrous  acid,  (6)  hydrochloric  acid, 
(c)  sodium  hydroxide.  Our  results  with  alkalies  are  in  agree- 
ment with  those  of  Williams  and  Sullivan  and  Voegtlin. 
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Chart  12.    Lots  995  A,  995  B,  and  972  A. 

Lot  996  A.  Period  1. — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — ^Ration:  Same  as  Period  1  plus  a  preparation  of  water-sol- 
uble B  treated  4  hours  with  nitrous  acid.  An  extract  equivalent  to  3  per 
cent  of  wheat  embryo  was  fed. 

Period  8. — ^Ration:  Same  as  Period  2,  but  with  the  water-soluble  B 
preparation  treated  with  nitrous  acid  increased  to  the  equivalent  of  10 
per  cent  of  wheat  embryo. 

It  is  possible  that  treatment  with  nitrous  acid  tends  to  de- 
stroy the  dietary  factor  B  to  a  slight  extent,  but  it  does  so  very 
slowly,  if  at  all.  The  resistance  of  this  substance  to  nitrous 
acid  is  a  strong  indication  that  it  is  neither  a  primary  nor  a 
secondary  amine. 
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Lot  995 B,  Period  1. — Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  2. — ^Ration:  Same  as  Period  1,  but  with  a  preparation  contain- 
ing the  water-soluble  B  equivalent  to  3  per  cent  of  wheat  embryo  in  the 
food  mixture.  This  preparation  was  evaporated  with  hydrochloric  acid 
as  described  below. 

Period  5. — ^Ration:  Same  as  Period  2  with  the  water-soluble  B  prepa- 
ration increased  to  the  equivalent  to  10  per  cent  of  wheat  embryo. 

It  is  not  clear  from  this  experiment  whether  or  not  the  treatment 
with  hydrochloric  acid  destroyed  a  part  of  the  dietary  factor  B. 
The  fact  that  there  was  no  growth  in  Period  3  would  seem  to 
indicate  that  the  substance  is  slowly  inactivated.  This  phase 
of  the  subject  will  receive  further  study.  Relatively  great 
stability  toward  hydrochloric  acid  is  clearly  shown. 


Digitized  by 


Google 


88  Water-Soluble  B 

Treatment  of  Preparations  Employed  with  Lota  996  A  and 
996  B. — 416  gm.  of  wheat  embryo  previously  extracted  with 
ether  for  18  hours,  were  extracted  with  95  per  cent  alcohol  for  6 
hours  using  the  Soxhlet  system  and  for  three  consecutive  6  hour 
periods  using  the  Caldwell  system.  The  alcohol  was  distilled 
off  from  each  portion  separately  and  the  extracts  were  brought 
down  to  dr3mess  in  a  large  granite  pan  at  40-50*^  in  14  hoiu«. 
The  residue  was  taken  up  in  water  and  made  up  to  416  cc. 

208  cc,  equivalent  to  208  gm.  of  wheat  embryo,  were  trans- 
ferred to  an  aspirating  bottle  and  the  nitrous  acid  gas  was  gen- 
erated from  50  gm.  of  sodium  nitrite,  and  100  cc.  of  1 : 1  HCJ  were 
passed  in  during  the  course  of  4  hoiu^.  The  gas  was  well  washed 
by  passing  it  through  a  strong  sodium  nitrite  solution.  The 
treated  solution  was  brought  down  and  evaporated  on  dextrin. 
The  total  weight  of  dextrin  carrying  the  extract  was  brought 
up  to  208  gm.  This  extract  was  fed  in  the  ration  of  Lot  995  A 
(Chart  12). 

The  remaining  208  cc.  were  treated  with  HCl  as  described  below 
and  employed  in  the  ration  of  Lot  995  B  (Chart  12). 

The  solution  of  alcoholic  extract  of  wheat  embryo  (from  Prep- 
aration 995  A)  was  acidified  with  5  cc.  of  c.p.  HCl  and  evap- 
orated on  dextrin.  The  dry  residue  was  made  up  to  a  final 
weight  of  208  gm.  It  was  rather  strongly  acid,  since  5  gm. 
required  25  cc.  n/14  NaOH  to  neutralize  it  to  phenolphthalein. 

Lot  972  A,  Period  L — ^Ration:  Purified  food  mixture  plus  5  per  cent  of 
butter  fat. 

Period  i, — Ration:  Same  as  Period  1  with  10  per  cent  of  wheat  embryo 
which  had  been  treated  with  0.28  per  cent  sodium  hydroxide  at  100  **C. 
for  1  hour. 

This  treatment  with  dilute  sodium  hydroxide  destroyed  almost 
completely  the  content  of  water-soluble  B  in  the  wheat  embryo. 
This  confirms  the  observations  of  others  that  alkalies  are  very 
destructive  of  this  dietary  essential. 

Preparation  of  the  Wheat  Embryo  Treated  tvith  Alkali  Which 
Woe  Fed  to  Lot  972  A,  Period  2. — 550  gm.  of  wheat  embryo,  pre- 
viously ether-extracted,  were  extracted  with  95  per  cent  alcohol  for 
three  consecutive  6  hour  periods,  the  flask  with  the  extract  being 
removed  at  the  end  of  each  period  to  minimize  the  possible  de- 
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«tructive  action  of  heat.  The  alcohol  was  distilled  off,  the  ex- 
tract taken  up  in  water,  and  made  up  to  550  cc.  It  was  dis- 
tinctly acid  to  litmus.  It  was  neutralized  to  phenolphthalein 
with  a  sodiiun  hydroxide  solution  and  a  sufficient  excess  added 
to  make  it  alkaUne  up  to  0.28  per  cent  NaOH.  At  this  degree  of 
alkalinity  the  solution  was  heated  for  1  hoiu*  imder  a  reflux, 
then  cooled,  then  almost  neutralized  with  hydrochloric  acid,  and 
acidified  by  the  addition  of  12  per  cent  acetic  acid  which  made 
it  strongly  add.  It  was  evaporated  on  dextrin  in  large  granite 
pans  and  dried  at  70-80°  for  5  hours. 

BIBLIOGRAPHT. 

1.  Eijkman,  C,  Arch,  Hyg,^  1906,  Iviii,  150;  VirchowB  Arch,  pcUh,  AtmiI,, 

1897,  cxlviii,  623. 

2.  Suzuki,  U.,  Shimamura,  T.,  and  Odake,  S.,  Biochem,  Z,,  1912,  xliii,  89. 

Funk,  C,  Biochem,  Bull,,  1915,  iv,  306.  Chamberlain,  W.  P.,  Ved- 
der,  E.  B.,  and  Williams,  R.  R.,  Philippine  J,  Sc,  B^  1912,  vii,  40. 
Vedder,  E.  B.,  and  Williams,  R.  R.,  ibid,,  1913,  viii,  175,  183.  Wil- 
Hams,  R.  R.,  J.  Biol,  Chem,,  1916,  xxv,  437;  xxvi,  431;  1917,  xxix, 
495. 

3.  Vedder  and  Williams,  Philippine  J,  Sc,  1913,  viii,  175, 183.    Sullivan. 

M.  X.,  and  Voegtlin,  C,  J,  Biol,  Chem,,  1916,  xxiv,  p.  xvi. 

4.  McCollum,  E.  V.,  and  Kennedy,  C,  J.  Biol,  Chem.,  1916,  xxiv,  491. 

5.  McCollum   E.  V.,  Simmonds,  N.,  and  Pitz,  W.,  J.  Biol,  Chem,,  1917, 

xxix,  521. 

6.  McCollum,  E.  V.,  and  Davis,  M.,  J,  Biol,  Chem,,  1915,  xxiii,  181. 

7.  Funk,  Biochem,  Bull,,  1915,  iv,  306,  311. 

8.  Williams,  J,  Biol,  Chem,,  1917,  xxix,  504. 

9.  Eijkman,  Arch,  Schiffe,  u,  Tropenhyg,,  1913,  xvii,  328. 

10.  Funk,  J,  Physiol,,  1913,  xlvi,  177. 

11.  Williams,  R.  R.,  and  Seidell,  A.,  J,  Biol,  Chem,,  1916,  xxvi,  431. 

12.  Funk,  J,  Physiol,,  1911^13,  xlv,  489. 

13.  Vedder  and  Williams,  Philippine  J.  Sc,  B,   1913,   viii,    181.    Funk, 

J,  Physiol,,  1911-12,  xliii,  395. 

14.  Benedict,  S.  R.,  Harvey  Lectures,  1915-16,  xi,  346;  J,  Lab,  and  Clin. 

Med,,  1916-17,  ii,  1. 

15.  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J,  Biol.  Chem.,  1914,  xvii,  401. 

16.  McCollum,  E.  V.,  and  Simmonds,  N.,  J.  Biol.  Chem,,  1917,  xxxii,  181. 

17.  McCollum  E.  V.,  unpublished  data. 

18.  McCollum,  Simmonds,  and  Pitz,  Am.  J.  Physiol.,  1916,  xli,  333,  361. 


Digitized  by 


Google 


Digitized  by 


Google 


EFFECTS  OF  DIET  ON  THE  PLASMA  CHLORIDES  AND 
CHLORIDE  EXCRETION  IN  THE  DOG. 

By  J.  HAROLD  AUSTIN  and  LEON  JONAS.* 

{From  the  William  Pepper  Laboratory  of  Clinical  Medicine^  University  of 
Pennsylvania,  Philadelphia,) 

(Received  for  publication,  October  17,  1917.) 

In  the  study  of  the  plasma  chlorides  in  a  series  of  nephritics 
Wolferth  (1)  recently  called  attention  to  the  low  figures  occasion- 
ally observed  in  certain  cases.  As  a  rule,  this  finding  was  noted 
in  patients  who  had  been  for  some  time  upon  a  chloride-free  diet. 
This  observation  we  (2)  have  confirmed  and  have  found  the 
plasma  chlorides  as  low  as  4.6  gm.  per  liter  in  one  case  of  ad- 
vanced glomerulonephritis,  5  days  before  death.  That  this 
marked  depression  of  the  plasma  chlorides  might  be  merely  the 
result  of  a  long  continued  low  chloride  diet  combined  with  a 
rather  free  administration  of  water  seemed  to  us  possible  in  spite 
of  the  well  recognized  tendency  of  the  blood  to  maintain  con- 
stant its  inorganic  composition.  It  was  observed  that  in  other 
cases  with  chronic  nephi'itis,  especially  those  of  the  so  called 
parenchymatous  type,  which  exhibited  a  tendency  to  elevation 
of  the  plasma  chlorides,  even  a  prolonged  period  of  low  salt 
diet  did  not  bring  the  plasma  chlorides  below  normal  or  often 
even  to  the  normal  figure.  These,  however,  do  not  afford  satis- 
factory evidence  of  the  effect  of  a  continued  low  chloride  diet  on 
the  plasma  in  other  diseases  of  the  kidneys  or  when  the  kidneys 
are  normal. 

In  order  to  obtain  some  data  upon  the  point  the  following 
experiments  were  carried  out  upon  dogs.  The  animals  were 
placed  upon  one  of  three  diets;  an  ordinary  diet,  a  diet  with  a 
high  sodium  chloride  content,  or  a  diet  poor  in  sodium  chloride 
and  with  a  free  administration  of  distilled  water.    After  a  vari- 

*  Woodward  Fellow  in  Physiological  Chemistry,  William  Pepper  Lab- 
oratory of  Clinical  Medicine,  University  of  Pennsylvania. 
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able  number  of  days  upon  the  diet,  a  period  of  from  20  to  24 
hours  was  allowed  to  elapse  after  the  last  feeding  and  the  dog  was 
then  eatheterized  and  given  100  ee.  of  distilled  water  by  stomach 
tube  to  promote  diuresis.  About  35  minutes  later  blood  was 
taken  from  the  jugular  vein  for  chloride  analysis,  and  about  70 
minutes  after  the  first  catheterization  the  animal  was  eatheterized 
again  and  the  concentration  of  chlorides  in  the  urine  determined. 

The  rate  of  excretion  of  chlorides  was  calculated  for  a  24  hour 
period  on  the  basis  of  the  excretion  during  the  interval  between  the 
catheterizations.  This  portion  of  each  experiment  is  designated 
in  the  protocols  and  table  by  the  letter  "A"  following  the  number 
of  the  experiment.  The  series  of  "A"  experiments  shows  the  con- 
dition of  the  plasma  chlorides  and  of  the  chloride  excretion  as  a 
result  of  the  continued  use  of  the  various  diets.  The  main  ob- 
ject of  this  part  of  the  investigation  was  to  determine  whether 
following  several  days  upon  a  low  chloride  diet  the  plasma 
chlorides  would  be  found  at  a  lower  level  than  following  a  period 
on  ordinary  diet,  and  also  to  determine  whether  following  a 
series  of  days  on  high  chloride  diet  the  plasma  chlorides  would 
be  found  increased,  and  if  so  whether  with  or  without  an  increased 
rate  of  chloride  excretion  in  the  urine.  In  order  to  determine 
whether  any  injury  to  the  general  renal  function  resulted  from 
the  high  salt  diet,  blood  urea  was  determined  in  certain  of  the 
experiments  and  the  figures  were  considered  as  evidence  of  the 
general  renal  functional  integrity. 

In  order  to  test  the  inunediate  eflfect  of  a  large  dose  of  sodium 
chloride  upon  the  plasma  and  upon  the  chloride  excretion  a  sec- 
ond procedure  designated  "B"  in  the  protocols  and  table  was 
carried  out  in  many  of  the  experiments.  Immediately  upon 
completioTi  of  part  "A''  of  the  experiment  10  gm.  of  sodium 
chloride  in  two  doses  aln  hour  apart  were  given  by  stomach  tube 
in  5  per  cent  solution.  Immediately  after  the  second  dose  a 
period  of  uririary  collection  was  instituted  as  in  "A"  and  blood 
again  taken  for  analysis  in  the  middle  of  this  period. 

In  these  experiments  can  be  noted:  first,  the  relation  between 
the  increase  in  the  plasma  chlorides  and  the  increase  in  the 
chloride  excretion  resulting  from  the  administration  of  the  sodium 
chloride;  second,  the  eflfect  of  the  previous  dietary  regime  upon 
this  response  to  the  dose  of  chloride. 
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In  two  instances  on  the  day  following  the  administration  of  the 
10  gm.  of  sodium  chloride  just  described  a  third  period  of  urinary 
collection  with  collection  of  blood  was  carried  out  to  determine 
whether  any  effect  of  the  large  dose  of  chloride  still  persisted  24 
hours  later,  either  in  the  plasma  or  in  the  rate  of  chloride  excretion. 
This  part  of  the  experiment  is  designated  in  the  protocols  and 
table  as  "C." 

In  Experiment  4,  Dog  I,  the  effect  of  a  mild  uranium  nephritis 
in  an  animal  on  a  medium  chloride  diet  was  studied  for  compari- 
son with  the  effect  of  high  salt  feeding. 

Methods. 

Urine. — The  chlorides  were  estimated  by  the  Volhard-Harvey  method 
(3).  The  concentration  is  indicated  in  the  protocols  and  table  as  gm.  of 
sodium  chloride  per  liter  of  urine  under  *'E."  The  rate  of  chloride  ex- 
cretion is  expressed  as  gm.  of  sodium  per  24  hours,  calculated  from  the 
excretion  in  the  number  of  minutes  of  urinary  collection  employed  in  each 
experiment;  this  rate  of  excretion  is  given  in  the  protocols  and  table 
as  "D." 

Blood, — Blood  was  drawn  from  the  jugular  vein  directly  into  a  centri- 
fuge tube  containing  potassium  oxalate  crystals  beneath  paraffin  oil, 
centrifuged  immediately,  and  the  plasma  pipetted  from  the  cells  (4).  In 
the  plasma  so  obtained  chlorides  were  estimated  by  the  method  of  McLean 
and  Van  Slyke  (5).  The  figures  are  given  under  "N"  as  gm.  of  sodium 
chloride  per  liter  of  plasma.  • 

Blood  urea  nitrogen  was  estimated  on  the  whole  blood  by  the  method 
of  Van  Slyke  and  Cullen  (6).  The  figiu*es  given  are  mg.  of  blood  urea 
nitrogen  per  100  cc.  of  blood.  In  some  of  the  experiments  blood  was  also 
drawn  from  the  vein,  allowed  to  clot,  centrifuged,  and  the  serum  used 
for  the  estimation  of  electrical  conductivity.  Decinormal  potassium 
chloride  solution  was  used  as  a  standard  and  determinations  were  made 
at  25**C.    The  specific  conductivity  is  given  under  "X.*' 

In  all  analyses  duplicate  determinations  were  made. 

RESULTS. 

The  results  of  the  fourteen  experiments  on  the  three  dogs  are 
given  in  the  table.    The  detailed  protocols  are  appended. 

It  will  be  noted  that  on  the  same  ordinary  regime  the  three  dogs 
differed  somewhat  in  the  level  of  plasma  chlorides;  Dog  I  showing 
the  highest,  6.3  gm.  per  liter,  and  Dog  II  the  lowest,  5.9  gm. 
The  chloride  excretion  in  all  three  was  small. 
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On  a  high  salt  diet  consisting  of  ordinary  diet  plus  from  5  to 
10  gm.  of  sodium  chloride  daily  continued  from  4  to  13  days 
Dogs  I  and  III  showed  a  definite,  although  in  the  case  of  Dog 
III  a  very  slight,  increase  in  the  level  of  the  plasma  chlorides. 
The  study  of  the  blood  and  urine  was  made  the  day  following 
the  last  feeding  and  last  dose  of  chloride.  The  urinary  excretion 
of  chloride  was  still  definitely  increased  in  Dog  III  but  was  nor- 
mal in  Dog  I.  Dog  II  developed  a  marked  diarrhea  as  soon  as 
the  chloride  high  diet  was  commenced  and  this  probably  ac- 
counts for  the  absence  of  any  increase  in  the  chloride  excretion 
and  for  the  very  slight  degree  of  change  in  the  plasma  chlorides 
the  day  following  the  last  dose  of  chloride. 

In  Experiment  14,  48  hours  were  allowed  to  elapse  between  the 
last  dose  of  chloride  and  the  study  of  the  blood  and  urine,  and 
this  interval  proved  sufficient  to  allow  a  return  of  the  plasma 
chlorides  and  chloride  excretion  to  normal,  in  spite  of  the  fact 
that  the  dog  had  received  7.5  gm.  of  added  sodium  chloride  daily 
for  20  consecutive  days. 

It  seems,  therefore,  that  such  increases  in  the  plasma  chlorides 
and  chloride  excretion  as  were  observed  in  "A^*  group  of  experi- 
ments 24  hours  after  the  last  day  of  high  chloride  diet  represent 
merely  the  persistence  of  the  acute  disturbance  of  these  factors 
which  follow  each  administration  of  chloride  as  shown  in  the 
'*B''  group  of  experiments  about  to  be  discussed  and  which 
may  be  seen  persisting  into  the  following  day  in  Experiment  *7, 
"C."  There  is  no  evidence  that  the  continued  use  of  a  high 
chloride  diet  leads  to  a  permanent  or  stable  increase  in  the 
plasma  chlorides  or  to  an  elevation  of  the  chloride  threshold. 

The  use  of  a  low  chloride  diet  combined  with  a  free  flushing 
with  distilled  water  failed  to  reduce  the  level  of  the  plasma 
chlorides  below  normal.  In  no  case  were  we  able  to  reduce  the 
plasma  chlorides  below  the  original  level  observed  in  that  ani- 
mal. The  same  constancy  was  ol)served  in  the  electrical  conduc- 
tivity of,  the  serum.  These  experiments  indicate,  therefore,  that 
in  those  cases  o^  chnical  nephritis,  in  which  following  the  use  of  a 
low  chloride  diet  the  plasma  chlorides  fall  distinctly  below  nor- 
mal, this  depression  of  the  plasma  chlorides  is  evidence  of  disease 
and  not  merely  a  consequence  of  the  patient's  regime. 

In  the  "B''  group  of  experiments  we  studied  the  immediate 
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effect  of  administration  of  10  gm.  of  sodium  chloride  by  the 
stomach  in  two  doees  an  hour  apart  upon  the  plasma  chlorides, 
electrical  conductivity  of  the  serum,  and  rate  of  chloride  excre- 
tion. A  marked  rise  in  the  plasma  chlorides  resulted,  amount- 
ing to  from  0.5  to  1  gm.*  per  liter.  This  was  associated  with  a 
markedly  increased  chloride  output  in  the  urine.  Inspection  "of 
the  table  shows  that  no  formula. could  be  applied  which  would 
express  the  relations  between  the  increases  in  these  two  factors 
either  with  or  without  inclusion  of  the  urinary  chloride  concen- 
tration in  the  formula.  In  Dog  I  the  highest  chloride  output, 
absolute  and  percentile,  was  associated  with  the  lowest  plasma 
chloride  observed  in  this  animal  in  any  of  the  examinations  im- 
mediately after  chloride  administration. 

The  electrical  conductivity  of  the  serum  exhibited  an  increase 
about  commensurate  with  that  of  the  plasma  chlorideis.  In  Dog 
III,  Experiment  7,  when  the  dog  had  been  on  a  diet  of  moderate 
chloride  content  neither  the  plaisma  nor  the  urinary  excretion 
had  returned  to  normal  on  the  day  following  the  administration 
of  10  gm.  of  sodium  chloride  (Experiment  7,  "C")-  In  Ex- 
periment 9,  however,  when  the  dog  had  been  on  a  low  chloride 
diet,  the  plasma  chlorides  had  returned  to  normal  the  day  fol- 
lowing the  administration  of  10  gm.  of  sodium  chloride,  although 
the  urine  still  showed  a  somewhat  increased  output. 

In  Experiment  4,  in  which  the  effect  of  a  mild  uranium  nephri- 
tis was  studied,  the  elevation  of  the  plasma  chlorides  on  an  ordi- 
nary  diet  was  very  marked  and  the  chloride  excretion  poor. 
Following  the  administration  of  10  gm.  of  sodium  chloride  by 
stomach,  although  only  a  moderate  increase  occurred  in  the 
plasma  chlorides,  they  reached  the  highest  figure  observed  in  any 
of  these  experiments,  but  almost  no  response  resulted  in  the 
urinary  chloride  excretion.  The  behavior  of  the  kidney  in  this 
experiment  can  clearly  not  be  interpreted  as  due  merely  to  the 
elevation  of  its  threshold  for  chlorides  as  the  result  of  the  ne- 
phritis. Obviously  in  this  experiment  a  given  increment  in  the 
level  of  the  plasma  chlorides  excited  much  less  increase  in  the 
rate  of  the  chloride  excretion  than  was  the  case  in  the  other  ex- 
periments in  which  the  kidneys  were  normal. 

McLeaij  (7)  has  shown  that  in  the  normal  animal  the  chloride 
threshold  is  constant  and  that  a  definite  rise  in  plasma  chlorides 
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provokes  an  increment  in  urinary  excretion  proportional  to  the 
square  of  the  rise.  The  constancy  of  this  threshold  even  imder  a 
prolonged  regime  of  extremely  high  or  extremely  low  chloride 
diet  is  again  demonstrated  iii  our  experiments.  In  the  patho- 
logical kidney,  however,  there  may  be  either  an  alteration  in  the 
threshold  or  a  disturbance  in  the  degree  of  renal  response  to  in- 
crements in  the  plasma  chlorides  above  the  threshold.  Because 
of  these  two  variables  interpretation  of  the  significance  of  altera- 
tions in  the  chloride  index  in  pathological  cases  is  complicated. 

PROTOCOLS. 

Dog  I. — Female,  weight  14  kilos. 

Experiment  1. — Ordinary  diet.  On  a  mixed  diet  of  table  scraps. 
Water  ad  libitum. 

Experiment  1  A. — No  food  or  water  since  previous  day. 

Sept.  28,  11.40  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  12.15  p.m.  Bled  12  cc.  12.40  p.m.  Catheterized.  Only 
1  cc.  of  urine  obtained.  Given  100  cc.  of  distilled  water.  1.55  p.m.  Ca- 
theterized.   160  cc.  of  urine  (135  minutes).    N,  6.3;  D,  0.85;  £,  0.5. 

Experiment  1  B, — Sept.  28.  1.55  pjn.  Given  100  cc.  of  3  per  cent  so- 
dium chloride  solutic^n  by  stomach  tube.  3.00  p.m.  Given  100  cc.  of  5  per 
cent  sodium  chloride  solution  by  stomach  tube.  Catheterized.  3.25> 
p.m.  Bled  24  cc.  4.20  p.m.  Catheterized.  135  cc.  of  urine  (80  min- 
utes).   N,  7.3;  D,  34.5;  E,  14.2. 

Experiment  2. — ^High  salt  diet.  Dog  placed  for  5  days  (Sept.  29  to- 
Oct.  3)  on  a  diet  of  milk,  1  quart,  and  one  dog  biscuit  each  day.  In  ad- 
dition given  each  day  (except  Oct.  2)  150  cc.  of  5  per  cent  sodium  chloride 
solution  by  stomach  tube.    Water  ad  libitum. 

Experiment  2  A. — No  food,  water,  or  salt  since  previous  day. 

Oct.  4,  2.45  p.m.  Catheterized.  Given  90  cc.  of  distilled  water  by 
stomach  tube.  3.18  p.m.  Bled  24  cc.  3.45  p.m.  Catheterized.  15  cc. 
of  urine  (60  minutes).    N,  6.7;  D,  0.36;  E,  1. 

Experiment  2  B. — Oct.  4,  3.45  p.m.  Given  95  cc.  of  5  per  cent  sodium 
chloride  solution  by  stomach  tube.  4.43  p.m.  Same  dose  of  sodium, 
chloride  repeated.  Catheterized.  5.20  p.m.  Bled  24  cc.  5.45  p.m. 
Catheterized.    140  cc.  of  urine  (62  minutes).    N,  7.4;  D,  49.5;  E,  15.2. 

Experiment  5. — Low  salt  diet.  For  10  days  (Oct.  18  to  Oct.  27)  on  a 
low  salt  diet.  (Milk,  1  quart,  and  dried  salt-free  bread.)  In  addition 
given  each  day  150  cc.  of  distilled  water  by  stomach  tube. 

Experiment  S  A. — No  food  or  water  since  previous  day. 

Oct.  28,  9.45  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  10.20  a.m.  Bled  16  cc.  10.50  a.m.  Catheterized.  12  cc. 
of  urine  (65  minutes).    N,  6.3;  D,  0.1;  E,  0.4. 
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Experiment  S  B.— Oct.  28,  10.50  a.m.  Given  100  cc.  of  5  per  cent  8O7 
dium  chloride  solution  by  stomach  tube.  11.55  a.m.  Same  dose  of  so- 
dium chloride  repeated.  Catheterized.  12.30  p.m.  Bled  20  cc.  1.05 
p.m.  Catheterized.  167  cc.  of  urine  (70  minutes).  N,  6.8;  D,  53.3; 
E,  15.5. 

Experiment  4* — ^Uranium  nephritis.  For  5  days  (Oct.  29  to  Nov.  3)  on 
diet  of  milk,  1  quart,  and  one  dog  biscuit  daily.    Water  ad  libitum, 

Oct.  30.    Given  uranium  nitrate,  0.02  gm.  subcutaneously. 

Nov.  4.    Shows  a  moderate  cloud  of  albumin  in  urine. 

Experiment  4  A, — ^No  food  or  water  since  previous  day. 

Nov.  4,  12.03  p.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  12.37  p.m.  Bled  12  cc.  1.25  p.m.  Catheterized.  25  cc. 
of  urine  (82  minutes).    N,  7.4;  D,  0.13;  E,  0.3. 

Experiment  4  B, — ^Nov.  4,  1.25  p.m.  Given  100  cc.  of  5  per  cent  sodium 
chloride  solution  by  stomach  ti\be.  2.32  p.m.  Same  dose  of  sodiimi 
chloride  repeated.  Catheterized.  3.10  p.m.  Bled  24  cc.  3.42  p.m. 
Catheterized.  35  cc.  of  urine  (70  minutes).  N,  7.7;  D,  0.78;  E,  1.04; 
blood  urea  N,  39. 

Dog  11. — ^Female,  weight  16  kilos. 

Experiment  6, — Ordinary  diet.  Diet  of  milk,  1  quart,  and  one  dog 
biscuit  daily  beginning  Dec.  27.    Water  ad  libitum. 

Experiment  5  A, — ^No  food  or  water  since  previous  day.  Dec.  29, 
11.07  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by  stomach 
tube.  11.52  a.m.  Bled  25  cc.  12.25  p.m.  Catheterized.  25  cc.  of 
urine  (78  minutes).    N,  5.9;  D,  0.67;  E,  1.46;  X,  0.0129;  blood  urea  N,  14. 

Experiment  5  B. — ^Dec.  29,  12.25  p.m.  Given  100  cc.  of  5  per  cent  so- 
dium chloride  solution  by  stomach  tube.  1.50  p.m.  Same  dose  of  so- 
dium chloride  repeated.  Catheterized.  2.32  p.m.  Bled  35  cc.  3.10 
p.m.  Catheterized.  59  cc.  of  urine  (80  minutes).  N,  6.7;  D,  17.1;  E, 
16.1;  X,  0.0142. 

Experiment  6, — ^High  salt  diet.  Dog  continued  on  the  same  diet  of  milk 
and  dog  biscuit.  For  4  days  (Jan.  2  to  5)  received  in  addition  sodium 
chloride  as  follows:  Jan.  2  and  3,  130  cc.  of  5  per  cent  sodium  chloride  so- 
lution by  stomach  tube;  Jan.  4  and  5,  200  cc.  of  same.  Water  ad  libitum. 
Diarrhea  beginning  Jan.  3. 

Experiment  6  A. — No  food,  water,  or  salt  since  previous  day. 

Jan.  6,  11.00  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  11.35  a.m.  Bled  30  cc.  1^.25  -p.m.  Catheterized.  9.5 
cc.  of  urine  (85  minutes).    N,  6.0;  D,  0.56;  E,  3.5;  blood  urea  N,  10. 

Dog  III, — ^Female,  weight  14  kilos. 

Experiment  7. — Ordinary  diet.  Placed  on  a  diet  of  milk,  1  quart,  and 
one  dog  biscuit,  beginning  Dec.  27.    Water  ad  libitum. 

Experiment  7  A, — ^No  food  or  water  since  previous  day. 

Jan.  2,  11.40  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  12.25  p.m.  Bled  20  cc.  1.10  p.m.  Catheterized.  5  cc. 
of  urine  (90  minutes).    N,  6.0;  D,  0.1;  E,  1.2;  X,  0.0132. 
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^  Experiment  7  B.— Jan.  2,  1.10  p.m.  Given  100  cc.  of  5  per  cent  sodium 
chloride  solution  by  stomach  tube.  3.00  p.m.  Same  dose  of  sodium  chlo- 
ride repeated.  Catheterized.  3.35  p.m.  Bled  30  cc.  4.10  p.m.  Catheter- 
ized.  32  cc.  of  urine  (70  minutes).  N,  7.0;  D,  14.6;  E,  22.1;  X,  0.0147; 
blood  urea  N,  10. 

Experiment  7  C. — Received  milk,  1  quart,  one  dog  biscuit,  and  water 
ad  libitum  at  4.30  p.m.  on  Jan.  2.    No  further  food  or  water. 

Jan.  3,  10.20  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  11.30  a.m.  Bled  12  cc.  12.20  p.m.  Catheterized.  76  cc. 
of  urine  (120  minutes).    N,  6.3;  D,  21.5;  E,  23.6. 

Experiment  8, — ^High  salt  diet.  In  addition  to  diet  of  milk  and  dog 
biscuit  as  above,  received  daily  100  cc.  of  5  per  cent  sodium  chloride  solu- 
tion by  stomach  tube.    Jan.  3  to  12.    Water  ad  libitum. 

Experiments  A. — Jan.  13.  No  food  or  water.  2.18  p.m.  Catheterized. 
Given  100  cc.  of  distilled  water  by  stoipach  tube.  2.50  p.m.  Bled  30  cc. 
3.22  p.m.  Catheterized.  23  cc.  of  urine  (66  minutes).  N,  6.2;  D,  2.8;  £, 
5.7;  X,  0.0133. 

.  Experiment  8  B. — Jan.  13, 3.22  p.m.  Given  1(X)  cc.  of  5  per  cent  sodium 
chloride  solution  by  stomach  tube.  4.05  p.m.  Same  dose  of  sodium 
chloride  repeated.  Catheterized.  4.32  p.m.  Bled  20  cc.  5.20  p.m. 
Catheterized.  73  cc.  of  urine  (75  minutes).  N,  7.2;  D,  27;  E,  19.3;  X, 
0.0148. 

Experiment  P.— Low  salt  diet.  For  8  days  (Jan.  18  to  25)  given  daily 
milk,  1  quart,  and  dried  salt-free  bread.  In  addition  given  daily  200 
cc.  of  distilled  water  by  stomach  tube.    Water  ad  libititm,  but  not  taken. 

Experiment  9  A . — No  food  or  water  since  previous  day. 

Jan.  26,  1.32  p.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  2.05  p.m.  Bled  30  cc.  2.35  p.m.  Catheterized.  9  cc. 
of  urine  (63  minutes).    N,  6.1;  D,  0.4;  E,  2.1;  blood  urea  N,  10. 

Experiment  9  B. — Jan.  26,  2.35  p.m.  Given  1(X)  cc.  of  5  per  cent  sodium 
chloride  solution  by  stomach  tube.  3.25  p.m.  Same  dose  of  sodium 
chloride  repeated.  Catheterized.  3.55  p.m.  Bled  20  cc.  4.45  p.m. 
Catheterized.    90  cc.  of  urine  (80  minutes).    N,  7.0;  D,  25.3;  E,  15.6. 

Experiment  9  C, — Received  milk,  1  quart,  and  salt-free  bread  at  5  p.m., 
Jan.  26.     Water  ad  libitum.    No  further  food  or  water. 

Jan.  27,  9.35  a.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  10.15  a.m.  Bled  20  cc.  10.45  a.m.  Catheterized.  27  cc. 
of  urine  (70  minutes).    N,  6.0;  D,  1.2;  E,  2.1. 

Experiment  10. — Low  salt  diet.  Same  diet  and  distilled  water  as  in 
Experiment  9  (Jan.  27  to  Feb.  2). 

Experiment  10  A. — No  food  or  water  since  previous  day. 

Feb.  3,  2.42  p.m.  Bled  (No.  1)  20  cc.  Catheterized.  Given  100  cc.  of 
distilled  water  by  stomach  tube.  3.30  p.m.  Bled  (No.  2)  30  cc.  4.07 
p.m.  Catheterized.  42  cc.  of  urine  (85  minutes).  No.  1:  N,  6.1;  X, 
0.0133.    No.  2:  N,  6.0;  D,  0.3;  E,  0.4;  X,  0.0132. 

Experiment  11, — Low  salt  diet.  Same  diet  and  distilled  water  as  in 
Experiments  9  and  10  (Feb.  5  to  11). 
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Experiment  11  A. — No  food  or  water  since  previous  day. 

Feb.  12,  3.00  p.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  3.45  p.m.  Bled  30  cc.  4.30  p.m.  Catheterized.  30  cc. 
of  urine  (90  minutes).    N,  6.2;  D,  0.6;  E,  1.2;  X,  0.0133;  blood  urea  N,  14. 

Experiment  It. — Low  salt  diet.  Same  diet  and  distilled  water  as  in 
Experiments  9,  10,  and  11  (Feb.  13  to  20). 

Experiment  IS  A, — No  food  or  water  since  previous  day. 

Feb.  21.  3.12  p.m.  Catheterized.  Given  100  cc.  of  (Ustilled  water  by 
stomach  tube.  3.52  p.m.  Bled  25  cc.  4.37  p.m.  Catheterized.  37  cc. 
of  urine  (85  minutes).    N,  6.2;  D,  0.36;  E,  0.6;  X,  0.0133. 

Experiment  15,— High  salt  diet.  Dog  placed  13  days  (Feb.  28  to  Mar. 
12)  on  milk,  1  quart,  and  one  dog  biscuit  daily.  Given  150  ec.  of  5  per 
cent  sodium  chloride  solution  daily  by  stomach  tube.    Water  ad  libitum. 

Experiment  IS  A, — No  food,  water,  or  salt  since  previous  day. 

Mar.  13,  3.25  p.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  4.05  p.m.  Bled  30  cc.  4.40  p.m.  Catheterized.  13  cc. 
of  urine  (75  minutes).    N,  6.35;  D,  1.5;  E,  5.8;  X,  0.0134,  blood  urea  N,  14. 

Experiment  H, — ^High  salt  diet.  Same  diet  and  sodium  chloride  as  in 
Experiment  13  (Mar.  14  to  19).    Same  diet,*  no  sodiimi  chloride,  Mar.  20. 

Experiment  HA, — No  food  or  water  since  previous  day. 

Mar.  21,  2.00  p.m.  Catheterized.  Given  100  cc.  of  distilled  water  by 
stomach  tube.  2.35  p.m.  Bled  30  cc.  3.05  p.m.  Catheterized.  32  cc. 
of  urine  (65  minutes).    N,  6.2;  D,  0.5;  E,  0.7;  blood  urea  N,  13. 

CONCLUSIONS. 

1.  The  level  of  plasma  sodium  chloride  24  hours  after  feeding 
varied  in  three  dogs  from  5.9  to  6.3  gm.  per  liter,  but  was  quite 
constant  for  any  one  animal. 

2.  By  administering  large  amounts  of  sodium  chloride  in  solu- 
tion by  stomach  tube,  the  level  of  the  plasma  chlorides  can  be 
raised  in  the  dog  within  IJ  hours,  1  gm.  per  Uter.  The  return 
to  the  previous  level  occurs  within  from  24  to  48  hours. 

3.  It  is  not  possible  to  raise  the  level  of  the  plasma  chlorides 
other  than  in  this  transient  manner  by  a  prolonged  regime  on  a 
high  chloride  diet,  or  to  lower  the  plasma  chlorides  below  the 
normal  level  even  by  a  prolonged  regime  on  a  very  low  chloride 
diet. 

4.  In  certain  nephritic  animals  with  impaired  chloride  excretion, 
whatever  may  be  the  hypothetical  chloride  threshold,  a  given  in- 
crement in  the  plasma  chloride  concentration  excites  less  incre- 
ment in  the  rate  of  chloride  excretion  than  it  would  in  a  normal 
animal. 
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STUDIES  OF  ACID  PRODUCTION. 

n.    THE  BflNERAL  LOSS  DURING  ACIDOSIS.* 

By  MARGARET  SAWYER,  L.  BAUMANN,  and  F.  STEVENS. 

(From  the  Departments  of  Home  Economics  and  Internal  Medicine,  State 

University  of  Iowa,  Iowa  City.) 

(Received  for  publication,  November  19,  1917.) 

The  effect  of  acid  administration  and  increased  acid  produc- 
tion on  the  excretion  of  certain  minerals  and  nitrogen  has  been 
repeatedly  studied.  Recent  discussions  of  the  literature  and 
bibUographies  will  be  found  in  the  publications  of  Forbes  and 
Keith/  Givens  and  Mendel/  and  Stehle.    • 

A  survey  of  the  literature  failed  to  show  a  record  of  a  com- 
plete experiment  on  the  normal  growing  human  organism.  As 
children  are  peculiarly  prone  to  acidosis  it  appeared  desirable  to 
supply  the  missing  data.  It  was  with  this  object  in  view  that  the 
following  experiments  were  undertaken. 

Methods. 

The  observations  were  made  in  a  metabolism  ward  on  two 
male  children  aged  5  and  8  years,  and  weighing  22.7  and  23 
kilos,  respectively.  The  boys  were  under  the  supervision  of  a 
special  nurse.  The  food  was  prepared  by  a  trained  dietitian. 
Each  period  of  observation  lasted  3  days. 

Each  child  consumed  436  gm.  of  egg  white,  74  gm.  of  egg  yolk,  414  gm. 
of  milk,  64  gm.  of  pure  sucrose,  60  gm.  of  pure  lactose,  2  gm.  of  pure  so- 
dium chloride,  and  3  gm.  of  agar,  daily  during  the  normal  period.  This 
amount  of  food  contained  324  protein,  385  fat,  693  carbohydrate  calories, 
and  12.6  gm.  of  nitrogen.  The  energy  intake  was  equivalent  to  56  cal- 
ories per  kilo.  During  the  period  of  high  fat  feeding  the  protein  calories 
remained  the  same,  but  the  carbohydrate  calories  were  reduced  to  85, 

*  The  expenses  of  the  research  were  met  in  part  by  a  grant  from  the 
research  fund  of  the  Graduate  College  of  the  State  University  of  Iowa. 

^  Forbes,  E.  B.,  and  Keith,  M.  H.,  Ohio  Agric.  Exp.  Station  Technical 
BvU.  5,  1914. 

'Givens,  M.  H.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1917,  xxxi,  421. 

»  Stehle,  R.  L.,  J.  Biol.  Chem.j  1917,  xxxi,  461. 
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while  the  fat  calories  were  increased  to  857.  This  was  accomplished,  by 
replacing  the  lactose  and  sucrose  of  the  normal  period,  with  an  isodynamic 
quantity  of  pure  butter  fat  (51  gm.)  prepared  according  to  the  directions 
of  Osborne  and  Mendel.*  The  mineral,  calorie,  and  nitrogen  intake, 
therefore,  was  practically  identical  during  both  periods. 

The  nitrogen  and  mineral  content  of  the  food  was  determined  by  analy- 
sis. The  figures  were  compared  with  those  obtained  by  calculation  from 
the  tables  of  Rose*  (see  Table  I). 

The  urine  of  each  voiding  was  separately  collected  in  a  Mason  jar 
and  preserved  in  the  refrigerator  after  the  addition  of  toluene.  The 
24  hour  volume  was  diluted  to  1  liter  and  100  cc.  were  removed  for  the 
determination  of  titratable  acidity,  ammonia,  creatine,  creatinine,  and 
Qetone.  The  reinaining  urine  of  the  3  days  (2,700  cc.)  was  united  and 
analyzed  for  nitrogen  and  minerals.  The  feces  were  separated  with  the 
aid  of  carmine.  The  latter  was  administered,  with  the  agar  and  milk, 
without  other  food,  thus  securing  a  sharp  separation  of  the  periods.  The 
feces  of  a  period  were  triturated  with  distilled  water  until  a  homogeneous 
suspension  was  obtained.  Weighed  aliquot  portions  were  analyzed.  The 
determinations  of  the  minerals  in  the  food,  urine,  and  feces  were  carried 
out  as  described  in  a  former  article.*  The  sulfur  of  the  food  and  feces 
was  conveniently  determined  by  the  Benedict  method,  after  treating  the 
material  with  fuming  nitric  acid  in  a  Kjeldahl  flask.  The  modified 
oxidizing  solution,  recommended  by  Denis,  ^  was  found  to  be  preferable 
to  the  original. 

A  record  of  the  analytical  data  and  results  will  be  found  in  the 
following  tables. 

TABLE  I. 
The  Nitrogen  and  Mineral  Content  of  the  Daily  Food.* 


Nitro- 
gen. 

Sulfur. 

PhOB- 

pborus. 

Chlo- 
rine. 

Cal- 
cium. 

Mag- 
nonum. 

So- 
dium. 

Potaa- 
aium. 

Calculated,  Rose*. . . 

Found. 
Normal  period — 
High  fat     "      .... 

gm. 
12.6 

12.06 
11.93 

gm. 
1.11 

1.13 

1.11 

gm. 
0.7688 

0.8799 
0.8631 

gm. 
2.44 

2.31 
2.49 

gm. 
0.6496 

0.7024 
0.6430 

gm. 
0.0958 

0.1465 
0.1046 

gm. 
1.73 

1.781 
1.762 

gm. 
1.357 

1.261 
1.207 

*  The  addition  of  agar  to  the  food  probably  accounts  for  the  disagree- 
ment between  the  calculated  and  found  values  for  calcium,  magnesium, 
and  phosphorus. 

*  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem,,  1913-14,  xvi,  423. 
» Rose,  M.  S.,  A  Laboratory  Handbook  for  Dietetics,  New  York,  1912, 


109. 


•  Baumann,  L.,  and  Howard,  C.  P.,  Arch.  Int.  Med.,  1912,  ix,  665. 
» Denis,  W.,  /.  Biol.  Chem.,  1910-11,  viii,  401. 
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TABLE  U. 

Record  of  the  Excretion  of  Certain  Blood  and  Urine  Constituents  during 

Periods  of  Normal  and  High  Fat  Feeding. 

Diet. 

"8* 
1-1 

• 

1 

S 

11? 

H 

Remarks. 

i 

P 

1 

J 

J 

Isl 

ec 

<3P- 

mg. 

mg. 

vol. 
percent 

1 

Normal. 

m 

385 

276 

192 

Subject  C.  G.,  aged  5  yre.; 

2 

« 

135 

385 

274 

194 

weight  22.7  kg.    Physi- 

3 

tt 

120 

305 

274 

174 

50 

cal  examination,  nega- 
tive. 

4 

High  fat. 

140 

330 

272 

178 

+    • 

During  the  high  fat  pe- 

5 

«         a 

170 

500 

256 

236 

•++ 

riod,  restlessness  and  a 

6 

u         u 

240 

815 

2U 

290 

+++ 

29 

slight   increase   of   the 

7 

Normal. 

818 

284 

202 

pulse    rate    were    ob- 
served. 

1 

Normal. 

100 

465 

332 

96 

Subject  tR.    W.,    aged   8 

2 

It 

110 

455 

362 

86 

jrrs.;    weight    23.2    kg. 

3 

u 

100 

465 

336 

143 

49 

Physical      examination 

4 

High  fat. 

120 

390 

362 

124 

-f 

showed   scars   of   mas- 

5 

«       « 

120 

425 

342 

216 

-h-f 

toid  and  tonsillectomy 

6 

it       it 

145 

530 

334 

250 

+++ 

37 

operations. 

7 

Normal. 

630 

361 

297 

*  The  titratable  acid  and  anmionia  are  expressed  in  terms  of  0.1  N 
solution. 
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TABLE  rV. 
The  Mineral  Excretion  Expressed  in  Cc,  0.1  n  Solution. 


C.  G. 
Nonnal 
diet. 


Urine.* 

Feces 

Total 


Sulfur. 


1,853 

104 

1,957 


Pho0- 
pboruB.f 


1,302 

430 

1,732 


Chlo- 
rine. 


2,042 

28 

2,070 


Cal- 
dum. 


416 

600 

1,016 


Mac- 


203 
124 
327 


So- 
dium. 


2,217 

38 

2,255 


Potaa- 
sium. 


902 

143 

1,045 


Total  acid...   5,759 
"      base....   5,808 


Am- 


1,165 


C.G. 
High  fat 
diet. 


Urine.. 

2,072 

1,681 

1,982 

656 

247 

2,489 

1,090 

Feces.. 

183 

644 

19 

905 

230 

27 

204 

Total.. 

2,255 

2,325 

2,001 

1,561 

477 

2,516 

1,294 

Total  acid....    6,581 
"      base...   7,493 


R.  W. 
Nonnal 
diet. 


Urine. . 

1,983 

1,268 

1,982 

223 

199 

2,209 

805 

Feces. . 

138 

657 

5 

853 

119 

13 

164 

Total.. 

2,121 

1,925 

1,987 

1,076 

318 

2,222 

969 

Total  acid....   6,033- 
"      base...   5,970 


1,645 


1,385 


R.  W. 
High  fat 
diet. 


Urine. . 

2,233 

1,593 

2,198 

348 

248 

2,781 

949 

Feces. . 

74 

579 

4 

560 

324 

16 

235 

Total. . 

2,307 

2,172 

2,202 

908 

572 

2,797 

1,184 

Total  acid....   6,681 
"      base....   6,806 


1,345 


•  The  acid  equivalent  of  the  total  sulfates  only  is  recorded, 
t  Phoephoric  acid  was  calculated  as  a  dibasic  acid. 

DISCUSSION. 

Inspection  of  the  tables  shows  that  C.  G.,  the  younger  child, 
responded  promptly  to  the  high  fat  diet  with  a  marked  increase 
m  nitrogen,  minerals,  ammonia,  titratable  acid,  and  creatine. 

During  the  preliminary  normal  period  he  excreted  the  equiva- 
lept  of  5,759  cc.  of  mineral  acid  and  5,808  cc.  of  base;  that  is,  49 
cc.  of  base  served  for  the  neutralization  of  organic  acid.  The 
titratable  acidity,  380  cc,  plus  49  cc.  indicates  the  approximate 
organic  acid  excretion  (429  cc).    During  the  period  of  high  fat 
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feeding,  6,581  cc.  of  mineral  acid  and  7,493  cc.  of  base  were  ex- 
creted; that  is,  an  excess  of  912  cc.  of  base  for  the  neutralization 
oi  organic  acid.  The  sum  of  the  titratable  acid  (550  cc.)  and  the 
excess  of  base  excreted  (912  cc.)  is  1,462  cc,  which  is  the  amount 
of  organic  acid  excreted  during  the  3  days  of  this  period. 

R.  W.  was  less  susceptible  to  the  change  in  diet.  The  excretion 
of  nitrogen,  minerals  (except  calcium),  creatine,  and  titratable 
acid  was  increased,  but  not  to  the  same  extent  as  in  the  former 
child.  During  the  normal  period  6,033  cc.  of  acid  and  5,970  cc. 
of  base  were  excreted;  that  is,  63  cc.  of  acid  in  excess  of  base. 
The  titratable  acid  of  the  urine  (310  cc.)  minus  the  excess  of 
mineral  acid  (63  cc.)  leaves  247  cc.  for  the  organic  acid  elimina- 
tion. During  the  high  fat  period  6,681  cc.  of  acid  and  6,806  cc. 
of  base  were  excreted.  The  titratable  acid  of  the  urine  (385  cc.) 
plus  the  excess  of  base  over  mineral  acid  excretion  (125  cc.)  makes 
510  cc,  which  is  the  organic  acid  excretion  for  this  period.  The 
values  of  the  plasma  carbonates  for  the  high  fat  periods  were  in 
keeping  with  the  urinary  findings.  Under  similar  conditions, 
C.  G.,  the  more  responsive  case,  showed  a  lowering  of  the  car- 
bonate value  amounting  to  21  volilme  per  cent,  whereas  R.  W.'s 
plasma  carbonates  decreased  by  12  volume  per  cent.* 

The  increased  elimination  of  nitrogen  during  the  periods  of 
high  fat  feeding  may  possibly  be  ascribed  to  an  accelerated  rate 
of  conversion  of  protein  into  carbohydrate.  The  ammonia  in  the 
urine  of  the  more  responsive  oase  accounts  for  but  10  per  cent  of 
the  excess  nitrogen  eliminated.  The  ratio  of  sulfur  to  nitrogen 
lost  is  about  1 :  17  and  1 :  21  respectively. 

If  we  assumed  that  the  lost  nitrogen  was  derived  from  muscle 
exclusively,  then  in  the  case  of  C.  G.  about  320  gm.  of  muscle 
tissue  would  have  been  catabolized.  The  minerals  contained 
therein  would  be  entirely  inadequate  to  account  for  the  cal- 
cium, magnesium,  and  phosphorus  losses.  One  naturally  asso- 
ciates this  trio  of  elements  with  bone  and  it  is  not  unlikely  that 
they  were  derived  from  this  source.  The  excess  of  calcium 
whicji  was  excreted  during  the  period  of  high  fat  feeding  served 

*  The  variation  in  the  response  of  children  to  acid-producing  diets  is 
marked.  We  have  recorded  observations  concerning  this  point  on  a 
larger  series  of  children  in  a  forthcoming  number  of  the  Am.  /.  Dis. 
Child. 
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to  neutralize  more  acid  (545  cc.)  than  the  surplus  of  ammonia 
(480  cc). 

Fitz,  Alsberg,  and  Henderson*  and  others  have  pointed  out 
the  increased  elimination  of  acid  phosphates  during  periods  of 
acidosis.  This  may  account  for  part  of  the  increased  excretion 
of  sodium,  potassium,  and  phosphorus  during  the  period  of  high 
fat  feeding. 

The  phosphorus  loss  of  the  older  child,  with  the  more  moder- 
ate acid  production,  was  less  than  one-half  that  of  the  other. 
Calciiun  was  actually  retained.  The  loss  of  sodium  and  chlorine, 
however,  was  more  marked.  The  diminished  excretion  of  so- 
dium chloride,  by  the  younger  child,  with  the  more  marked  acid 
production,  may  possibly  be  explained  by  the  observation  of 
Fischer^®  that  acidosis  is  associated  with  a  decreased  sodium 
chloride  elimination. 

The  above  observations,  largely  confirmatory  in  nature,  indi- 
cate that  a  considerable  loss  of  minerals,  especially  phosphorus 
and  calcium^  may  accompany  short  periods  of  increased  acid  pro- 
duction in  children.  The  excretion  of  these  elements,  in  the  two 
cases  studied,  varies  directly  with  the  severity  of  the  acidosis. 
The  pronoimced  loss  of  nitrogen  dimng  the  high  fat  period  is  a 
field  for  further  investigation. 

In  conclusion,  we  wish  to  thank  Drs.  Dean,  Steindler,  and 
Beifeld  for  their  cooperation,  and  Miss  Helen  Mougey  for  the 
care  exerdsed  in  the  preparation  of  the  diets. 

•  Fitz,  R.,  Alsberg,  C.  L.,  and  Henderson,  L.  J.,  Am,  J.  Physiol, y  1907, 
xviii,  113. 
»•  Fischer,  M.  H.,  J.  Am,  Med,  Assn.,  1915,  Ixiv,  325. 
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LECITHIN.    I. 

'*HYDROLECITHIN"  AND  ITS  BEARING  ON  THE  CONSTITUTION 
OF  CEPHALIN. 

By  p.  a.  LEVENE  and  C.  J.  WEST. 

{Prom  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  December  1,  1917.) 

The  recent  investigations  on  the  chemical  structure  of  lecithin 
have  resulted  in  many  important  contributions,  all  of  which 
point  to  the  correctness  of  the  generally  accepted  view  of  its 
molecular  structure, 

H,C  -  O  -  COCtHm 

I 
HC  -  O  -  CX>C„H„ 

I 


H,C  -  O  -  P  =    O 


OH 

^    ^ O  -  CH,  -  CH,  -  N  s  (CH,), 


(HO) 

However,  a  scrutiny  of  all  the  work  on  lecithin  reveals  a  re- 
markable incompleteness  of  each  individual  investigation.  A 
rigorous  proof  of  the  accepted  theory  requires  for  lecithin  an  ele- 
mentary composition  of  C  =  65.60,  H  =  10.79,  N  =  1.74,  P  = 
8.86.  It  further  requires  that  the  nitrogen  of  the  molecule 
should  be  composed  entirely  of  choline.  Hence,  lecithin  should 
not  contain  even  a  part  of  its  nitrogen  in  the  form  of  free  amino 
groups.  Still  further,  it  requires  a  proof  of  the  identity  of  the 
fatty  acids  with  those  accepted  by  theory,  and  finally  it  requires 
the  isolation  of  the  glycerophosphoric  acid. 

The  work  up  to  the  present  has  satisfied  many  of  the  require- 
ments. The  fatty  acids  and  the  glycerophosphoric  acid  have 
been  identified;  and  MacLean  has  prepared,  at  least  once,  a 
sample  of  lecithin  that  was  free  of  amino  nitrogen.,  However, 
this  one  sample  has  been  incompletely  analyzed.  All  other 
samples  of  lecithin  prepared  by  various  workers  contained  amino 
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nitrogen  in  their  molecule,  and  from  the  standpoint  of  elementary' 
analysis  showed  a  marked  disagreement  with  the  theory.  This  is 
well  illustrated  by  the  following  table. 


Author. 


Thudichum' 

Baskoff* 

Heffter* 

Stem  and  Thier- 

felder* 

MacLean* 

Erlandsen* 

MacLean^ 

Eppler* 

MacLean^ 


Souroe. 


Brain. 
Liver. 


Egg. 
Heart. 


Not  given. 
From  CdCli  salt. 


c 

H 

N 

P 

perceni 

percent 

percent 

percetU 

66.75 

18.67 

1.81 

4.00 

64.64 

10.71 

1.95 

4.00 

64.63 

10.96 

1.79 

3.95 

64.18 

10.60 

1.87 

3.95 

66.29 

10.17  1.87 

3.95 

66.27 

10.32 

1.85 

3.97 

66.46 

10.69 

1.87 

4.03 

— 

— 

1.89 

4.04 

— 

— 

1.85 

4.00 

— 

— 

1.87 

4.15 

Choline. 


per  ctTit 


—         —         25 


66 
42 
41.4 


68 
66 


^7 


The  analytical  data  obtained  by  Hitter*  on  hydrolec^thin 
showed  better  agreement  with  the  theory,  and  one  might  be  in- 
clined to  regard  the  material  of  Ritter  as  such  that  it  contained  all 
the  necessary  proof  in  favor  of  the  conventional  theory.  Unfortu- 
nately, Ritter  did  not  determine  the  amino  nitrogen  content  of 
the  reduced  lecithin,  and  hence  failed  to  furnish  definite  proof  of 
its  purity. 

Indeed,  the  present  report  contains  data  unmistakably  prov- 
ing that  hydrolecithin  of  an  elementary  composition  fully  har- 
monizing with  the  theory  may  be  and  generaily  is  impure,  con- 
taining between  10  and  20  per  cent  of  its  nitrogen  in  the  form 

1  Thudichum,  J.  L.  W.,  The  Chemical  Constitution  of  the  Brain,  Lon- 
don, 1884. 

« Baskoflf,  A.,  Z.  physiol,  Chem.y  1907,  Ivii,  395. 

•Hefifter,  A.,  Arch,  exp.  Path.  u.  Pharm.,  1891,  xxviii,  100. 

•  Stem,  M.,  and  Thierfelder,  H.,  Z.  physiol.  Chem.,  1907,  liii,  381. 
•MacLean,  H.,  Z,  physiol.  Chem.,  1908,  Iv,  360;  1909,  lix,  2^;  Biochem. 

J.,  1909,  iv,  38,  240. 

•  Erlandsen,  A.,  Z.  physiol.  Chem.,  1907,  li,  71. 
»  MacLean,  Biochem.  J.,  1915,  ix,  364. 

» Eppler,  J.,  Z.  physiol.  Chem.,  1913,  Ixxxvii,  241. 

•  Ritter,  F.,  Ber.  chem.  Ges.,  1914,  xlvii,  530.  Cf.  ReideVs  Ber.,  1913,  Ivii, 
20;  1914,  Iviii,  15. 
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of  amino  nitrogen.  Thus  the  task  of  the  preparation  of  lecithin 
having  a  composition  required  by  the  theory  and  at  the  same 
time  free  of  impurities  has  not  yet  been  accomplished.  Efforts 
in  this  direction  are  now  in  progress  in  this  laboratory. 

However,  the  present  finding  has  a  great  significance  because 
of  its  bearing  on  the  structure  of  cephaJin,*  and  the  work  is  pre- 
sented in  its  present  incomplete  state  because  of  this  significance. 
The  remarks  made  earher  in  this  communication  regarding  leci- 
thin apply  also  to  cephalin.  On  the  basis  of  recent  work  on  the 
hydrolytic  products  of  the  substance,  a  certain  structural  formula 
has  been  assumed.  This  formula  requires  an  elementary  com- 
position of  C  =  66.17,  H  =  10.57,  N  =  1.88,  and  P  =  4.17. 
However,  all  samples  analyzed,  beginning  with  Thudichum  and 
up  to  the  present  by  the  most  receat  investigators,*  °  consistently 
had  the  average  composition  of  C  =  60.00,  H  =  9.30,  N  =  1.80, 
and  P  =  3.80. 

On  the  basis  of  these  considerations,  one  may  argue  that  if 
cephahn  and  lecithin  both  had  the  composition  required  for  them 
by  the  theory,  then  a  mixture  of  the  two  should  possess  practi- 
caDy  the  same  elementary  composition  as  either  one  of  them  in 
the  pure  state.  On  the  other  hand,  if  lecithin  possessed  the  com- 
position assumed  by  the  theory  and  cephalin  that  found  empir- 
ically, then  a  mixture  containing  80  per  cent  of  the  former  and 
20  per  cent  of  the  latter  should  possess  a  carbon  content  of  64.56 
per  cent  instead  of  65.35  per  cent.  Conversely,  if  a  mixture  of  the 
two  reduced  substances  posses:  od  an  elementary  analysis  of  C  = 
65.30,  H  =  11.20,  N  =  1.75,  P  =  3.85,  it  would  justify  the  conclu- 
sion that  both  lecithin  and  cephahn  possess  the  composition 
assumed  for  them  by  the  theory. 

The  material  analyzed  by  us  contained  80  per  cent  of  lecithin 
and  20  per  cent  of  an  in^purity.  It  was  found  that  the  material 
yielded  on  hydrolysis  besides  the  choline  also  the  base  amino- 
ethanql.  Hence  it  was  reasonable  to  assume  that  the  20  per  cent 
of  impurity  consisted  of  cephalin.  If  cephahn  had  the  composi- 
tion found  by  experience  then  a  substance  consisting  of  80  per 
cent  of  hydrolecithin  and  20  per  cent  of  cephalin  should  have  an 
elementary  composition  of  C  =  64.56,  H  =  10.49,  N  =  1.75,  P  = 

»•  Levene,  P.  A.,  and  West,  C.  J.,  /.  Biol.  Chem.,  1916,  xxiv,  41. 
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3.84.  On  the  other  hand,  if  both  lecithin  and  cephalm  possess 
the  structure  assigned  to  them  by  theory  then  the  above  mixture 
should  have  the  elementary  composition  found  by  experiment. 
Thus  the  facts  presented  in  this  report  furnish  evidence  in  favor  of 
the  prevailing  theory  of  the  molecular  structure  of  lecithin  and 
of  cephalin;  they  also  indicate  the  method  by  which  the  pure  re- 
duced cephalin  may  eventually  be  obtained.  Efforts  in  this  direc- 
tion are  now  in  progress. 

In  this  connection  it  may  be  recalled  that  the  product  obtained 
on  reduction  of  cephalin  with  hydrogen  gas  in  the  presence  of 
palladium  contained  from  62  to  63  per  cent  of  carbon  in  its 
molecule,  thus  approaching  nearer  than  the  non-reduced  cephalin 
the  theoretical  value.  The  non-reduced  cephalin  generally  ob- 
tained is  undoubtedly  an  altered  and  perhaps  oxidized  form  of 
the  original  substance.  The  nature  of  the  alteration  is  not  known 
as  yet. 

EXPERIMENTAL. 

Hydrolecithin  was  first  prepared  by  Paal  and  Oehme;*^  they 
reduced  an  alcoholic  solution  of  egg  lecithin  with  hydrogen  and 
colloidal  palladium.  The  product  was  obtained  as  microscopic 
compact  crjrstals,  which  sintered  at  83-84^,  and  decomposed 
over  150**  with  blackening.  Upon  hydroljrsis  the  hydrolecithin 
gave  a  mixture  of  stearic,  palmitic,  and  probably  myristic  acids. 
The  following  year  Ritter*  reduced  lecithin  which  had  been  pre- 
pared from  fresh,  dry  egg  yolk  as  follows:  The  egg  yolk  was 
first  extracted  with  petroleum  ether  and  then  with  ether;  the 
ethereal  extract  was  concentrated  and  the  residue  was  then 
extracted  with  methyl  alcohol.  The  hydrolecithin  prepared  in 
this  way  proved  to  be  distearylhydrolecithin;  that  is,  on  hydrol- 
ysis it  jrielded  only  stearic  acid. 

Hydrolecithin  has  been  prepared  in  our  laboratory,  by  Paal's 
method,  from  various  fractions  of  egg  lecithin,  and  from  lecithin 
of  brain  and  other  organs.  During  the  course  of  the  work  it 
has  been  noted  that  lecithin,  which  has  been  washed  according 
to  MacLean's'  method,  in  which  the  lecithin  is  ground  up  with  a 
little  water  and  precipitated  with  acetone,  is  reduced  more  rap- 
idly and  more  completely  than  unwashed  lecithin.    Also,  it  was 

"  Paal,  C,  and  Oehme,  H.,  Ber.  chem.  Ges,,  1913,  xlvi,  1297. 
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found  that  the  addition  of  1  to  2  per  cent  of  acetic  acid  to  the 
alcoholic  solution  facilitated  the  reduction.  With  fairly  con- 
centrated solutions  the  hydrolecithin  separates  out  during  the 
course  of  the  reduction.  This  product  was  brought  into  solution 
by  warming,  filtered  from  the  coagulated  palladium,  copied  to 
0®,  and  the  material  which  separated  out  crystallized  from  dry 
methyl  ethyl  ketone  until  the  composition  was  constant.  In 
most  cases  it  was  easily  possible  to  obtain  material  with  correct 
analytical  figures  for  carbon  and  hydrogen.  In  some  cases,  how- 
ever, this  was  impossible,  even  after  repeated  crystallization. 

Hydrolecithin  crystallizes  well  from  methyl  ethyl  ketone,  in 
which  it  is  insoluble  in  the  cold;  it  softens  between  80  and  90^, 
turns  brown  about  100^,  starts  to  melt  about  200**,  and  runs 
down  the  tube,  giving  a  dark  red  liquid,  at  235^.  The  figures 
vary  somewhat,  depending  upon  the  rate  of  heating.  The  opti- 
cal activity  was  determined  in  chloroform  solution  and  varied 
between  +  6.2**  and  +  5.4**.  The  presence  of  the  amino  nitro- 
gen-containing body  did  not  seem  to  affect  the  value  for  [a]f. 


Sample  400  [a]" 
"       399  [a]; 


9.7822  X  0.18° 
0.5X0.3254 

9.2784  X0.2r 
0.5X0.3734 


=  +5.4° 


=  +5.22° 


429  H 


„.      9.2150  X  0.24° 
0.5X0.4170 


+5.3° 


AKfT  V        9.330X0.23° 

457  a|'  = 

••  J**        0.5  X  0.4120 


+5.20° 


Analysis  of  these  samples  gave  the  following  values: 


Sampto. 

C 

H 

N 

P 

ABh. 

NHi-N 

pa-cent 

percent 

percent 

percent 

percent 

percent 

400 

65.20 

10.89 

2.00 

4.00 

10.61 

399 

65.59 

11.16 

2.37 

3.85 

10.38 

429 

65.60 

11.03 

1.96 

3.79 

9.75 

7.00 

508 

65.50 

11.30 

1.80 

3.90 

— 

20.00 

492 

— 

— 

1.98 

3.98 

9.66 

6.00 

Theory. 

65.37 

11.23 

1.74 

3.84 
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Hydrolysis  of  Hydroledthtn. 


A  large  quantity  (200  gm.)  of  hydrolecithin  was  prepared  for 
the  purpose  of  studying  its  hydrolytic  products.  This  analyzed 
as  follows: 


Sample.. 

C 

H 

N 

P 

NH»-N 

508 

65.50 

.  11.30 

1.80 

3.90 

20.00 

100  gm.  of  this  material  were  hydrolyzed  by  boiling  with  1 
Uter  of  3  per  cent  sulfuric  acid  for  8  hours.  ^ 

The  fatty  acid  fraction  was  filtered  oflf  and  recrystalUzed  from 
acetone,  after  boiling  about  2  hours  with  animal  charcoal.  Again 
recrystalUzed  from  acetone,  the  acid  melted  at  69-70^,  and  on 
combustion  and  titration  gave  figures  for  stearic  add.  This  con- 
firms Hitter's  observation  that  it  is  possible  to  obtain  pure 
distearylhydrolecithin. 

The  aqueous  filtrate  was  freed  from  sulfuric  acid  by  the  addition 
of  barium  hydroxide,  concentrated  in  vacuo,  precipitated  with 
basic  lead  acetate,  the  filtrate  freed  from  lead,  and  used  for  the 
determination  of  aminoethyl  alcohol  according  to  Thierfelder  and 
Schulze.^*  The  ethereal  extract  was  concentrated,  taken  up  in 
water,  and  the  amino  nitrogen  determined.  The  theoretical 
amount  of  gold  chloride  was  added  to  the  acidified  solution.  The 
gold  salt  separated  as  long  needles  after  standing  2  days  in  a 
desiccator  over  sulfuric  acid.  It  melts  at  184-186^.  Trier^* 
gives  186-187®  for  the  gold  chloride  salt  of  aminoethyl  alcohol 

1*  Thierfelder,  H.,  and  Schulze,  O.,  Z/  physioL  Chem.,  1916,  xcvi, 
296. 

This  method  depends  upon  the  fact  that  caldum  oxide  does  not  liberate 
choline  from  its  hydrochloride,  but  does  free  aminoethyl  alcohol.  The 
concentrated  solution  of  the  mixed  hydrochlorides  is  rubbed  up  with 
pure  calcium  oxide  imtil  it  is  a  dry  powder  and  extracted  with  ether  in  a 
Soxhlet  apparatus;  the  flask  should  contain  0.1  n  sulfuric  acid  to  bind  the 
base,  otherwise  considerable  loss  occurs.  After  27  hours  about  96  per 
cent  of  the  alcohol  has  been  extracted  by  the  ether.  The  choline  may 
then  be  extracted  with  hot  alcohol. 

"Trier,  G.,  Z.  physiol  Chem,,  1911,  Ixxiii,  383;  1911-12,  Ixxvi,  496. 
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hydrochloride,  and  Knorr^*  gives  about  190®  for  the  synthetic 
product.    It  was  analyzed  by  heating  to  constant  weight. 

0.2008  gm.  substance  gave  0.0990  gm.  Au. 
0.2076     "  "  "     0.1016  "      " 

Calculated:  Found: 

Au 49.17  49.35       48.96 

"Knorr,  L.,  Ber,  chem.  Gea.,  1897,  xxx,  913. 
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THE  COLORIMETRIC  DETERMINATION  OF 
HEMOGLOBIN.* 

By  WALTER  W.  PALMER. 

{From  the  Hospital  of  The  Rockefeller  Institute  far  Medical  Research.) 

(Received  for  publication,  November  30,  1917.) 

The  method  to  be  described  for  the  determination  of  hemoglobin 
depends  upon  the  comparison,  in  a  colorimeter,  of  carbon  mon- 
oxide hemoglobin  solutions,  one  of  which  has  a  known  hemo- 
globin content.  Hoppe-Seyler  (1)  was  the  first  to  describe  car- 
bon monoxide  hemoglobin  and  to  make  use  of  this  stable  com- 
bination for  estimating  the  hemoglobin  content  of  blood.  He 
devised  a  ''double  pipette''  for  comparing  the  imknown  carbon 
monoxide  hemoglobin  solution  with  the  standard  carbon  monoxide 
hemoglobin  solution,  prepared  from  hemoglobin  crystals;  but  the 
method  never  came  into  general  use,  because  of  the  many  tech- 
nical difficulties  involved.  Haldane  (2)  suggested  a  much  simpler 
method  for  comparing  carbon  monoxide  solutions,  using  the  appa- 
ratus employed  by  Gowers  (3)  for  cc^nparing  oxyhemoglobin 
solutions  with  a  picro-carmine  standard.  This  apparatus  was 
later  employed  by  Sahli  (4)  who  prepared  an  acid  hematin 
standard  by  adding  dilute  hydrochloric  acid  to  blood, 

A  critical  discussion  of  the  various  methods  in  use  for  the 
estimating  of  hemoglobin  is  beyond  the  scope  of  this  paper.  As 
Haldane  (2)  has  pointed  out,  artificially  colored  solutions  and 
tinted  glass  present  great  difficulties  in  standardization  with  a 
definite  strength  of  hemoglobin  solution.  With  a  certain  strength 
of  color  solution  or  tinted  glass,  it  is  possible  to  imitate  quite 
perfectly  the  tint  of  a  given  hemoglobin  solution  provided  the 
quality  of  light  remains  the  same.  Any  variation  from  these 
standard  conditions,  either  in  quality  of  light  or  strength  of 
hemoglobin  in  solution  leads  to  serious  errors.    Haldane  at- 

•  A  brief  report  of  this  paper  is  given  in  Proc.  Soc.  Exp.  Biol,  and  Med., 
1916-17,  xiv.  175. 
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t^npted  to  overcome  the  objection  by  preparing  a  carbon  mon- 
oxide hemoglobin  standard  (1  per  cent  solution  of  a  blood  hav- 
ing an  oxygen  capacity  of  18.5  per  cent)  which  he  considered 
permanent  when  kept  sealed  in  a  small  test-tube  in  an  atmos- 
phere of  carbon  monoxide.  0.020  cc.  of  blood,  placed  in  a  simi- 
lar sized  and  shaped  graduated  (on  scale  of  100)  test-tube  with 
a  small  amount  of  water  saturated  with  carbon  monoxide  by 
means  of  ordinary  illuminating  gas,  are  diluted  with  water, 
drop  by  drop,  until  the  unknown  and  standard  tubes  match  in 
color,  whence  the  percentage  of  hemoglobin  in  the  unknown  may 
be  read  off  on  the  graduated  scale.  In  principle,  Haldane's 
method  is  sound;  but  certain  practical  difficulties  arise.  The 
standard  is  not  so  permanent  as  was  at  first  thought,  and,  when 
water  is  used,  it  has  been  shown  by  Krogh  (5)  that  the  full  color 
of  the  solution  is  slow  in  reaching  its  maximum.  The  further 
criticism  is  that  the  method  is  time-consuming  and  cumbersome — 
adding  water,  drop  by  drop,  and  shaking  after  each  addition. 
Also  the  color  comparison  in  the  two  tubes  is  not  sharp.  This 
method  has  one  distinct  advantage  in  that  it  may  be  uged  for  the 
determination  of  hemoglobin  in  any  species  of  animal. 

Sahli  employed  Haldane's  apparatus  and  technique;  except 
that  he  used,  as  a  standard,  blood  to  which  dilute  hydrochloric 
acid  had  been  added.  There  are  three  serious  objections  to 
Sahli's  method:  first,  the  standard  is  not  permanent;  second, 
there  is  considerable  delay  in  the  development  of  the  maximum 
or  permanent  color,  amounting,  according  to  Meyer  and  Butter- 
field  (6),  in  some  instances  to  20  per  cent;  and  third,  it  cannot 
be  used  for  the  blood  of  different  species. 

The  spectrophotometer  has  undoubted  accuracy  in  the  hands 
of  skilled  operators;  but  the  expense  and  unavailability  together 
with  the  difficult  technique  involved,  make  it  impracticable  for 
general  use. 

The  great  variety  of  methods  and  apparatus  which  have  been 
proposed  offer  eloquent  testimony  to  the  unsatisfactory  means 
for  the  determination  of  hemoglobin.  There  is  great  need  for  a 
rapid,  accurate,  and  universally  standard  method  for  the  esti- 
mation of  hemoglobin  in  experimental  work  and  the  study  of  blood 
diseases  in  the  clinics. 

The  method  which  we  have  found  to  fulfil  the  above  conditions 
is  as  follows: 
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Method. 

Blood  is  obtained  in  the  usual  maimer  by  pricking  the  finger 
or  lobe  of  the  ear.  A  1  per  cent  solution  of  blood  is  made  by 
drawing  0.05  cc.  into  a  special  pipette  and  transferring  into  6  cc. 
of  0.4  per  cent  ammonia  solution — accurately  measured  with  a 
calibrated  pipette  or  burette  into  a  12  x  120  mm.  test-tube. 
The  blood  pipette  is  rinsed  out  by  drawing  into  it  two  or  three 
times  the  ammonia  solution.  Ordinary  illuminating  gas  is  bubbled 
rapidly  through  the  ammonia  blood  solution  for  30  seconds,  after 
which,  it  is  compared  in  a  Duboscq  colorimeter  with  a  standard 
carbon  monoxide  hemoglobin  solution  set  at  10.  The  average 
of  at  least  four  readings  is  taken.    The  calculation  is  simple, 

^  X  100  =  per  cent  hemoglobin. 

Manner  of  Obtaining  Blood. — With  sufficient  care  the  usual 
clinic&l  method  for  obtaining  small  amounts  of  blood  by  pricking 
the  ear  or  finger  is  satisfactory.  A  free  flow  is  essential.  Any 
undue  manipulation  or  squeezing  of  the  part  should  be  avoided 
because  an  error  of  5  or  10  per  cent  may  be  introduced  by  diluting 
the  blood  with  tissue  juice.  Where  there  is  marked  anemia  re- 
quiring larger  amounts  of  blood  than  0.05  cc,  or  where  there  is 
difficulty  in  obtaining  blood  from  the  ear  or  finger,  venous  punc- 
ture should  be  used,  coagulation  being  prevented  with  oxalate  or 
citrate  salts.  It  is  often  practical  and  convenient  io  combine 
the  determinations  of  hemoglobin  with  other  blood  analyses, 
where  venous  puncture  is  required.  If  blood  has  been  drawn  by 
venous  puncture  care  must  be  taken  that  the  corpuscles  and 
serum  are  weU  mixed  before  filling  the  pipette.  The  blood  should 
never  be  shaken  violently  before  measuring,  because  it  becomes 
filled  with  air  bubbles.  The  mixture  of  corpuscles  and  serum 
may  best  be  accomplished  by  first  giving  the  receptacle  a  cir- 
cular motion  and  finally  stirring  briskly  with  a  glass  rod  or  meas- 
uring pipette  which  is  filled  while  stirring  the  blood. 

Pipette  for  Measuring  Blood. — The  pipettes  are  made  of  milli- 
meter glass  tubing  calibrated  to  contain  0.05  cc.  and  0.10  cc.  The 
pipettes  are  easily  made  in  any  laboratory  from  straight  tubing, 
and  require  no  blowing,  the  point  being  rounded  off  on  an  emery 
wheel.     In  this  way  time  and  expense  are  saved,  since  pipettes 


Digitized  by 


Google 


122  Hemoglobin  Determination 

obtained  from  glass  blowers  require  recalibration  before  use.  It 
has  been  found  that  water  may  be  used  for  this  calibration,  as 
pipettes  which  have  been  caUbrated  with  both  mercury  and  water 
check  sufficiently  well.  The  advantage  of  having  the  pipette  cali- 
brated to  contain  0.10  cc.  as  well  as  0.05  cc.  is  obvious.  In  bloods 
with  a  low  hemoglobin  content,  0.05  cc.  may  not  be  sufficient  to 
give  the  color  necessary  for  accurate  color  comparison  in  the 
colorimeter.  A  pipette  of  this  type,  and  used  in  the  manner 
described,  is  capable  of  measuring  0.05  cc.  of  blood  with  an 
acciu-acy  of  0.2  per  cent. 

Ammonia  Solution, — Ammonia  solutions,  containing  4  cc.  of 
strong  ammonia  in  1  liter  of  water,  suggested  by  Krogh  (5)  are 
used,  because  the  full  color  of  the  carbon  monoxide  hemoglobin 
develops  at  once. 

Saturation  with  Carbon  Monoxide. — Ordinary  illuminating  gas 
as  a  source  of  carbon  monoxide  has  proven  entirely  satisfaptory. 
It  was  thought  that  there  might  be  substances  other  than  carbon 
monoxide  in  the  gas  which  might  form  hemoglobin  compounds  and 
interfere  with  the  determination.  Accordingly,  pure  caxbon 
monoxide  was  prepared  by  heating  oxalic  acid  with  concentrated 
sulfuric  acid  and  passing  the  gas  produced  through  sodium  hy- 
droxide to  free  it  from  carbon  dioxide.  As  far  as  could  be  de- 
termined on  comparison  of  the  two  solutions  in  the  colorimeter 
the  colors  were  identical.  Oxyhemoglobin  solutions  are  very 
unstable.  Hence  it  is  necessary,  after  transferring  the  blood  to 
the  ammonia  solution,  to  saturate  with  carbon  monoxide  within 
an  hour.  After  saturation  with  carbon  monoxide,  the  solution 
may,  on  carefully  stoppering  and  protecting  from  light,  be  placed 
in  the  ice  box  and  the  determination  made  at  leisure.  Satm^tion 
of  the  blood  should  be  carried  out  under  a  hood.  If  the  labora- 
tory does  not  possess  a  hood,  the  satiu-ation  may  be  accomplished 
under  a  funnel,  attached  to  a  small  water  vacuum  pump,  to 
remove  the  gas. 

Standard  Hemoglobin  Solution, — Haldane's  standard  of  a  1  per 
cent  solution  of  a  blood  having  an  oxygen  capacity  of  18.5  per 
cent  is  used.  It  has  been  shown  by  Haldane  and  Smith  (7), 
Butterfield  (8),  Barcroft  (9),  and  others,  that  the  oxygen  capacity 
of  the  blood  depends  upon  its  hemoglobin  content.  A  blood  of 
18.5  per  cent  oxygen  capacity  contains  approximately  14  gm. 
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hemoglobin  per  100  cc.  Although  the  blood  of  normal  men  in 
this  country,  as  shown  by  Meyer  and  Butterfield  (6),  Williamson 
(10),  and  also  as  we  have  found  by  use  of  the  method  here  de- 
scribed, contains  on  the  average  16.6  gm.  of  hemoglobin,  which 
would  correspond  to  an  oxygen  capacity  of  about  22  per  cent,  it 
was  thought  best  to  keep  Haldane's  standard  for  the  present. 
It  is  a  simple  matter  to  compute  the  gm.  of  hemoglobin  in  any 
given  blood  from  the  results  obtained. 

The  standard  hemoglobin  solution  is  prepared  as  follows:  A 
quantity  of  defibrinated  human  or  ox  blood  is  obtained.  The 
oxygen  capacity  is  determined  by  the  method  of  Van  Slyke  (11). 
The  blood  may  also  be  standardized  by  a  spectrophotometer  or 
solutions  made  from  hemoglobin  crystals  prepared  in  the  man- 
ner described  by  Butterfield  (8).  We  have  checked  several 
times  our  standard  and  found  that  the  oxygen  capacity  method 
for  standardization  is  most  convenient  and  satisfactory.  The 
blood  is  diluted  with  0.4  per  cent  ammonia  solution  so  as  to 
make  a  20  per  cent  solution  of  a  blood  with  an  oxy^n  capacity  of 
18.5  per  cent.  This  20  per  cent  blood  solution  is  then  satu- 
rated with  carbon  monoxide  by  bubbling  through  it  illuminating 
gas  for  10  minutes.  A  drop  of  caprylic  alcohol  prevents  trouble- 
some foaming.  The  glass  tube  through  which  the  gas  is  passed 
into  the  blood  solution  is  withdrawn  slowly  and  the  bottle  stop- 
pered immediately.  Rubber  corks  must  not  be  used  in  con- 
nection with  hemoglobin  solutions.  The  cork  should  be  sealed  in 
with  paraflSn  and  the  solution,  protected  from  light,  kept  in  the 
ice  chest.  .  Such  a  solution  thus  protected  will  keep  for  months. 
Several  solutions  now  nearly  a  year  old  prepared  in  this  man- 
ner have  shown  no  deterioration.  5  cc.  of  this  20  per  cent  blood 
solution  made  up  to  100  cc.  with  0.4  cc.  of  ammonia  solution  and 
saturated  with  carbon  monoxide,  make  the  1  per  cent  standard 
for  use  in  the  colorimeter  and  may  be  prepared  from  time  to 
time  as  desired.  The  1  per  cent  standard  for  routine  use  may  be 
kept  in  a  dark  glass  or  black  painted  aspirator  bottle,  the  lower 
opening  of  which  is  provided  with  a  cork,  through  which  passes  a 
glass  tube  with  a  ground  glass  cock  for  withdrawing  small  amounts 
of  solution.  A  glass  tube  is  put  through  the  cork  in  the  top  of 
the  bottle  and  extends  to  the  bottom.  Both  corks  should  be 
sealed  with  paraflSn.    This  glass  tube  is  connected  with  an  open 
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gas  fixtul'e  in  order  that  when  solution  is  withdrawn  from  the 
bottom,  gas  rather  than  air  will  enter  to  replace  it.  Solutions  thus 
prepared  may  keep  for  several  weeks;  but,  as  a  precaution,  it  is 
advisable  to  make  fresh  1  per  cent  solutions  frequently;  ».«., 
every  2  or  3  weeks.  It  should  be  remembered  that  dilute  hemo- 
globin solutions  are  less  stable  than  concentrated  solutions;  and 
that  hemoglobin  solutions  keep  best  in  the  cold  and  protected 
from  light.  The  first  indication  of  solution  deterioration  ia  a 
change  in  color  from  the  characteristic  cherry-red  of  carbon 
monoxide  hemoglobin  to  a  red  with  a  brownish  tinge,  due  to  the 
formation  of  methemoglobin. 

Comparison  in  Colorimeters. — The  Duboscq  or  Kober  colorim- 
eters have  proven  to  be  by  far  the  most  accurate  and  satis- 
factory instruments  for  this  colorimetric  work.  Other  colorimeters, 
however,  may  be  used.  The  difficulties  encountered  are  those 
inherent  in  all  colorimetric  work  and  in  this  connection  reference 
to  Kober's  (12)  article  may  be  made.  The  color  of  the  carbon 
monoxide  heftioglobin,  because  of  the  relatively  low  stimulus 
threshold  for  the  eye,  is  admirably  suited  to  colorimeter  compari- 
son, slight  differences  being  easily  detected.  We  prefer  to  use 
the  daylight  from  a  north  window.  Satisfactory  results  are, 
however,  obtainable  with  artificial  light  when  "daylight  glass''  is 
used  between  the  source  of  Ught  and  the  solution.  Considerable 
experimentation  with  light  filters  has  failed  to  improve  on  the 
accuracy  with  which  the  comparison  may  be  made.  No  diffi- 
culty should  be  experienced  in  making  the  readings  check  within 
0.2  of  a  single  division  on  the  colorimeter  scale. 

Color  comparisons  are  most  accurate  when  the  unknown 
hemoglobin  solution  reading  falls  between  9  and  11  on  the  colo- 
rimeter scale.  If  the  reading  of  the  imknown  falls  below  8  or 
above  12,  another  sample  should  be  taken  and  the  dilution  made 
such  that  the  reading  will  fall  within  these  limits.  This  is  easily 
accomplished  by  varying  the  amounts  of  blood  and  ammonia 
solution,  making  the  necessary  correction  in  the  colorimeter. 
2  cc.  of  solution  is  adequate  for  the  Kober  instrument  and  5  cc. 
for  the  Duboscq.  If  a  Duboscq  or  a  Kober  colorimeter  is  not 
available,  the  Hellige  instrument  may  be  used.  The  1  per 
cent  hemoglobin  standard  may  be  sealed  with  paraffin  into 
the  wedge  and  the  wedge,  when  not  in  use,  kept  in  the  ice  box 
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and  protected  from  light.  Attention  should  be  called  to  the  fact 
that  the  scales  of  the  Hellige  colorimeter  are  often  inaccurately 
placed.  The  standard  solution  must  be  checked  against  itself 
and  the  scale  adjusted  so  as  to  read  100  when  the  color  in  the 
cup  and  wedge  match.  We  have  found  more  diflSculty  in  ob- 
taining accurate  checks  with  this  instrument  than  with  the 
Duboscq  or  Kober  colorimeters;  but  with  care  the  error  should  not 
exceed  2  per  cent.  2  cc.  of  solution  is  sufficient  for  the  HelUge 
cup,  hence  the  Sahli  pipette,  which  contains  0.020  cc.  of  blood, 
may  be  used  with  this  colorimeter.  As  large  errors  have  been 
found  in  the  calibration  of  the  Sahli  pipettes,  it  is  necessary  to 
recalibrate  them  before  using. 

Accuracy  of  the  Method, — ^The  accuracy  of  the  method  de- 
pends to  a  large  extent  on  the  care  of  the  operator  in  carrying  out 
the  various  details  of  the  technique.  The  several  steps  involved 
in  the  method  are  common  chemical  procedures  with  known 
limits  of  accuracy.  With  care  duplicate  determinations  are  close 
and  the  error  should  not  be  more  than  1  per  cent.  A  series  of 
ten  determinations  was  made  on  the  same  blood.  In  eight  of  the 
ten,  the  first  reading  of  the  colorimeter  was  in  every  case  exactly 
the  same.  In  the  two  remaining  a  difference  of  0.1  of  a  division 
on  the  colorimeter  scale  occurred. 

In  the  foUowing  table  are  presented  a  few  determinations  by 
the  method  described  using  the  Duboscq  and  HeUige  colorimeters 
and    comparing  with  the  values  estimated  from   the  oxygen' 


Blood 
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DifTerenoe 
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Duboacq  and 

oxygen 

capMity. 
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Oxygfnx 
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difference. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

percent 

105.5 

.  95.2 

128.3 

112.5 

116.2 

79.4 

119.2 

84.0 

82.0 

108.6 

percent 
104.8 

92.0 
125:0 
115.2 
116.3 

84.0 
115.0 

85.0 

82.0 

percent 
106.5 

94.2 
129.5 
111.7 
116.4 

80.5 
119.4 

83.2 

82.6 
108.1 

+  1.0 
-1.0 
+1.2 
-0.8 
+0.2 

+1.1 

+0.2 
-0.8 
+0.6 
-0.5 

0.94 
1.06 
0.93 
0.68 
0.17 
1.36 
0.17 
0.95 
0.73 
0.46 
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capacity  of  the  blood.  The  first  ten  blood  samples  of  a  large 
series  were  chosen  and  illustrate  the  error  in  estimation  which 
may  be  expected.  Except  in  blood  Sample  6,  no  variation  between 
the  colorimetric  determination  (Duboscq)  and  the  oxygen  capacity 
method  is  greater  than  1.0  per  cent. 

Advantages. — (1)  Single  determinations  may  be  carried  through 
in  2  minutes.  (2)  An  accuracy  within  1  per  cent  is  easily  ob- 
tained. (3)  The  standard  solution  is  easily  and  adequately  con- 
trolled. (4)  Similar  solutions  are  used  for  comparison^  making 
the  color  fields,  within  the  limits  of  the  colorimeter,  identical 
(5)  The  apparatus  required  is  found  in  any  well  equipped 
laboratory. 

SUMMARY. 

A  method  for  the  determination  of  hemoglobin  colorimetrically 
with  an  accuracy  of  1  per  cent  is  described. 
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GASOMETRIC    DETERMINATION    OF    THE    OXYGEN 
AND    HEMOGLOBIN  OF  BLOOD. 

By  DONALD  D.  VAN  SLYKE. 

(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  November  30,  1917.) 

The  apparatus  described  in  a  previous  paper'  for  determining 
the  carbonic  acid  content  of  plasma  may  be  used  with  equal 
facility  for  determining  the  oxygen  content  and  the  oxygen- 
binding  capacity  (hemoglobin)  of  blood. 

For  determination  of  the  oxygen  capacity  as  a  measure  of  the 
hemoglobin  3  or  more  cc.  of  blood  are  introduced  into  a  sepa- 
ratory  funnel  or  bottle  and  distributed  in  a  thin  layer  about  the 
inner  wall,  so  that  maximum  contact  with  the  air  and  complete 
saturation  of  the  hemoglobin  with  oxygen  are  assured.  The  vessel 
is  rotated  for  a  few  minutes  so  that  the  blood  is  kept  in  a  thin 
layer,  or  it  may  be  shaken  for  15  minutes  or  longer  on  a  mechani- 
cal shaker.  The  saturated  blood  is  transferred  to  a  heavy  test- 
tube  or  cylinder. 

The  blood  gas  apparatus  is  now  prepared  by  introducing  into 
it  five  drops  of  redistilled  caprylic  alcohol  and  6  cc.  of  ammonia 
solution  made  by  diluting  4  qc.  of  concentrated  ammonia  to  a 
liter.  If  saponin  powder  is  available,  as  much  is  added  to  the 
6  cc.  of  ammonia  while  in  the  cup  of  the  apparatus  as  will  stick 
to  the  end  of  a  glass  rod.  After  the  ammonia  has  been  intro- 
duced into  the  50  cc.  chamber  of  the  apparatus  the  latter  is 
evacuated  in  the  manner  described  in  the*  previous  article,  and 
the  air  is  extracted  from  the  ammonia  solution  by  shaking  for 
about  15  seconds.  The  extracted  air  is  expelled,  and  the  extrac- 
tion completed  to  make  sure  that  no  air  is  left  in  the  solution. 
Finally,  about  2  cc.  of  the  air-free  ammonia  are  forced  up  into  the 
cup  of  the  apparatus. 

The  aerated  blood  is  now  thoroughly  stirred  with  a  rod  to 

1  Van  Slyke,  D.  D.,  /.  Biol  Chem.,  1917,  xxx,  347. 
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assure  even  distribution  of  the  corpuscles,  and  a  sample  is  drawn 
into  a  2  cc.  pipette  and  run  under  the  ammonia  in  the  cup  of  the 
apparatus.  (The  lower  delivery  mark  of  the  pipette  should  be 
3  or  4  cm.  above  the  tip.  A  pipette  calibrated  for  complete 
delivery  would  be  inconvenient  for  placing  the  entire  sample  of 
blood  below  the  layer  of  ammonia.)  The  blood  is  now  run  from 
the  cup  into  the  50  cc.  chamber,  the  ammonia  layer  following  the 
blood  and  washing  it  in.  A  few  additional  drops  of  ammonia 
may  if  necessary  be  added  from  a  dropper  to  make  the  washing 
complete. 

The  blood  and  ammonia  in  the  chamber  are  mixed  and  alLwed 
to  stand  until  the  blood  is  completely  laked.  This  requires  about 
30  seconds  when  saponin  is  present,  5  minutes  when  it  is  not. 
After  laking  is  complete  0.4  cc.  of  a  saturated  potassium  ferri- 
cyanide  solution  is  introduced  to  set  free  the  oxygen  combined 
with  the  hemoglobin.  (The  cyanide  solution  is  made  air-free  by 
boDing  or  by  shaking  in  an  evacuated  flask  and  is  kept  in  a  burette 
imder  a  layer  of  paraffin  oil  2  or  3  cm.  thick  to  exclude  air.) 
The  apparatus  is  now  evacuated  by  lowering  the  levelling  bulb 
until  only  a  few  drops  of  mercury  remain  above  the  lower  stop- 
cock, and  is  shaken,  preferably  with  a  rotary  motion,  to  whirl  the 
blood  in  a  thin  layer  around  the  wall  of  the  chamber.  If  the 
blood  was  completely  laked  before  the  cyanide  was  added,  ex- 
traction of  the  oxygen  may  be  completed  by  half  a  minute  of 
eflScient  shaking.  The  extracted  solution  may  be  drawn  into  the 
bulb  of  the  apparatus  below  the  lower  cock  and  the  extracted  gas 
measured  over  mercury  as  in  the  determination  of  carbon  diox- 
ide.* Or,  since  the  water  does  not  absorb  oxygen  rapidly  enough 
to  cause  an  error,  the  solution  may  be  left  in  the  50  cc.  chamber 
during  the  reading  of  the  gas  volume,  the  levelling  bulb  being 
held  at  a  sufficient  height  to  balance  the  column  of  water  solu- 
tion.* Finally,  in  order  to  make  certain  that  all  the  oxygen  was 
obtained  by  the  first  extraction,  the  apparatus  is  evacuated  once 
more  and  the  blood  shaken  again  for  a  half  minute.  If  the  read- 
ing shows  no  increase,  it  is  evidence  that  aU  the  oxygen  was  ex- 
tracted by  the  first  evacuation.  If  there  is  an  increase  the 
extraction  must  be  repeated  again.     If  the  blood  is  completely 

« Van  Slyke,  /.  Biol.  Chem.,  1917,  xxx,  353. 
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laked  before  addition  of  the  ferricyanide,  the  first  shaking  prac- 
tically alwajrs  removes  all  the  oxygen  from  the  blood  solution. 
Even  when  laking  has  been  incomplete,  however,  or  the  first 
extraction  of  the  blood  otherwise  made  incomplete,  the  deter- 
mination is  not  lost;  for  the  right  result  will  be  obtained  if  the 
extraction  is  repeated  until  the  reading  becomes  constant. 

After  each  analjrsis  it  is  well  to  wash  out  the  50  cc.  chamber 
of  the  apparatus  with  the  dilute  ammonia  solution,  as  a  black 
precipitate  is  formed  by  reaction  of  the  reagents  with  the  mer- 
cury. Unless  this  precipitate  is  removed  it  tends  to  coagulate 
after  a  few  analyses  and  interfere  with  further  determinations. 

After  the  blood  has  been  saturated  with  air  the  entire  pro- 
cedure above  outlined,  including  the  final  cleaning  of  the  appa- 
ratus, is  done  in  routine  determinations  in  7  or  8  minutes. 

In  order  to  calculate  the  oxygen  bound  by  the  hemoglobin  it 
is  necessary  to  subtract  from  the  gas  measured  the  volume  of  air 
physically  dissolved  by  the  2  cc.  of  blood  at  atmospheric  pres- 
sure and  the  prevailing  room  temperature.  The  volume  of  gas 
thus  corrected  may  be  reduced  to  standard  conditions  by  mul- 

barometer 
tiplying  by  (0.999  -  0.0046  t)  X  — ^^j^ ,  t  being  the  tem- 
perature in  degrees  centigrade.  The  volumes  of  air  dissolved  by 
the  blood  at  different  temperatures  are  given  in  Table  I.  They 
are  calculated  in  accordance  with  Bohr's  finding,  that  the  solu- 
bility of  gases  in  average  whole  blood  is  90  per  cent  of  their  solu- 
bility in  water.  The  table  also  gives  factors  by  which  one  may 
transpose  the  readings  directly  into  terms  of  volume  per  cent  of 
chemically  bound  oxygen  in  the  blood,  or  of  per  cent  hemoglobin 
on  the  basis  of  Haldane's  normal  average,  18.5  per  cent  pf  oxygen 
in  the  blood  being  taken  as  equivalent  to  100  per  cent  hemoglobin.* 
Unless  one  is  well  experienced  with  the  conditions  used  for 
saturating  the  blood  with  oxygen,  it  is  advisable,  after  one  por- 
tion of  a  blood  sample  has  been  analyzed,  to  aerate  the  remain- 
der a  second  time  and  repeat  the  determination,  in  order  to  make 
certain  that  the  hemoglobin  of  the  first  portion  was  completely 
saturated  with  oxygen. 

•Haldane,  J.,  and  Smith,  J.  L.,  J.  Physiol.,  189^1900,  xxv,  331. 
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TABLE  I. 
Factors  for  Calculating  Results  from  Analysis  of  B  Co.  of  Blood  Saturated 

with  Air, 


Air  physically  diasolved 
by  2  oc.  of  blocxi.    Sub- 
tract from  gas  volume 
read  in  order  to  obtain 
corrected  gas  volume, 
representing  0>  set  free 
from  hemoglobin. 

Factor  by  which  corrected  gas  volume  is 
multiplied  in  order  to  give: 

Temperature. 

Oxygen  chemically  bound 
by  100  oc.  of  blood. 

Per     cent     hemogtobia, 
calculated  on  the  baoia 
of  18.6  per  cent  ozysen 
•■  100  per  cent  hemo- 
globin. 

C^ 

cc. 

cc. 

per  cent 

15 

0.037 

^^^7^ 

2^^><7i 

16 

0.036 

46.3 

250 

17 

0.036 

46.0 

249 

18 

0.035 

45.8 

247        « 

19 

0.035 

45.6        « 

246 

20 

0.034 

45.4 

245 

21 

0.033 

45.1 

244        " 

22 

0.033 

44.9 

242        " 

23 

0.032 

44.7 

241 

24 

0.032 

44.4        " 

240        " 

25 

0.031 

44.2 

239 

26 

0.030 

44.0 

237 

27 

0.030 

43.7 

236 

28 

0.029      • 

43.5 

235        " 

29 

0.029 

43.3 

234 

30 

0.028 

43.1 

233 

The  following  example  illustrates  the  calculation: 

Observed  gas  volume,  at  20®,  750  mm 0.450  cc. 

Correction  for  dissolved  air 0.034  " 

Corrected  gas  volume 0.416  " 

0.416  X  44.8  =  18.65  volume  per  cent  oxygen. 
0.416  X  243    =  101  per  cent  hemoglobin. 

While  the  above  description  and  the  table  are  prepared  to  fit 
the  analysis  of  2  cc.  samples  of  blood,  which  seems  the  desirable 
amount  for  ordinary  purposes,  either  more  or  less  may  be  taken, 
the  volumes  of  dilute  ammonia  and  ferricyanide  used  being 
changed  proportionally.  The  following  data  show  that  good 
results  are  obtained  with  as  much  as  3  or  as  little  as  1  cc.  of  blood, 
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although  the  error  must  be  greater  in  the  latter  case  because  of 
'the  small  voltunes  of  gas  obtained  for  the  final  reading. 


TABLE  n. 

Determinaii(m8  of  the  Oxygen  Capacity  of  Ox  Blood,  Using  1  toSCc.  Samples, 

Vohuneof 

blood 

sample. 

Tempera- 
tttxe. 

Barome' 
ter. 

Oas     vol- 
ume ob- 
tained. 

Oas      volume 
corrected  for 
dissolved  air. 

Volume  of  Os 
reduced     to 
0*,  780  mm. 
bound       by 
100     cc.    of 
blood. 

Percent  bemo- 
slobio,  calcu- 
lated on  basis 
of     18.6    per 
cent  Os  -  100 
per  cent  hem- 
oglobin. 

ee. 

3.00 
2.00 
1.00 

•c. 

20 
20 
20 

mm, 
762 
762 
752 

0.835 
0.558 
0.281 

ec. 
0.784 
0.624 
0.264 

ee. 
23.45 
23.49 
23.67 

per  cent 

126.7 
126.9 
127.9 

For  determination  of  the  oxygen  content  of  the  venous  blood 
as  drawn  from  the  body,  the  preliminary  saturation  with  air  is 
omitted,  and  precautions,  such  as  are  described  by  Lundsgaard 
in  the  accompanying  paper,*  are  observed  in  order  to  prevent 
coiitact  of  the  sample  with  air.  From  the  point  where  the  blood 
sample  is  transferred  to  the  cup  of  the  apparatus  for  analysis 
the  technique  is  identical  with  that  described  above. 

The  calculation  of  the  oxygen  content  is  somewhat  different 
from  that  of  the  oxygen  capacity.  The  physically  dissolved  oxy- 
gen of  venous  blood  is  negligible,  and  the  nitrogen  as  determined 
by  Bohr  is  0.9  volume  per  cent,  reduced  to  0°,  760  mm.*  There- 
fore the  volume  of  gas  obtained  in  the  apparatus  is  at  once  mul- 

barometer 
tiplied  by  the  factor  (0.999  -  0.0046  t)  X  — ;^ —  to  reduce 

it  to  standard  conditions.  In  case  2  cc.  of  blood  have  been  used, 
the  values  of  this  factor  in  Column  3  of  Table  I  may  be  used;  in 
this  case  they  give  the  content  of  the  blood  in  chemically  boimd 
oxygen  plus  the  dissolved  nitrogen  gas.  The  result  in  cc.  of  gas 
per  100  cc.  of  blood  is  diminished  by  0.9  cc.  in  order  to  cor- 
rect for  that  amount  of  nitrogen  gas  present. 

The  nature  of  the  results  obtained  with  the  method  and  the 
degree  of  accuracy  indicated  by  the  agreement  of  duplicates  are 
shown  by  Lundsgaard's  figures/  while  Palmer's  show  the  agree- 

*  Lundsgaard,  C,  /.  Biol.  Chem.,  1918,  xxxiii,  133. 

» Bohr,  C,  in  Nagel,  W.,  Handb.  Physiol.  Menschen,  1909,  i,  117. 
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ment  of  the  gasometric  with  the  colorimetric  deteimination  of 
hemoglobin*  by  the  most  accurate  use  of  the  colorimetric  tech- 
nique. It  consequently  appears  unnecessary  to  reproduce  in 
this  paper  further  data  to  illustrate  the  results  obtained  with  the 
method. 

SUMMARY. 

The  apparatus  previously  described  for  determination  of  car- 
bon dioxide  in  blood  is  used  with  a  similar  technique  for  deter- 
mination of  oxygen.  The  oxygen  is  set  free  from  combination 
with  hemoglobin  within  the  apparatus  by  addition  of  f  erricyanide, 
is  extracted  in  a  Toricellian  vacuum,  and  measured  at  atmospheric 
pressure,  a  few  minutes  sufficing  for  an  accurate  determination. 

•  Palmer,  W.  W.,  /.  Biol.  Chem.,  1918,  xxxiii,  119. 
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STUDIES  OF  OXYGEN  IN  THE  VENOUS  BLOOD. 

I.    TECHNIQUE  AND  RESULTS  ON  NORMAL  INDIVIDUALS. 

By  christen  LUNDSGAARD. 
(From  the  Hospital  of  The  Rockefeller  InatitiUe  for  Medical  Research,) 

(Received  for  publication,  October  17,  1917.) 

The  term  oxygen  content  of  the  venous  blood  has  been  used 
in  the  literature  in  two  senses.  It  is  applied  to  the  amount  of 
oxygen  in  the  blood  in  the  right  heart  and  also  the  amount  in  the 
venous  blood  of  some  organ  or  group  of  organs. 

In  the  blood  of  the  right  side  of  the  heart  the  oxygen  can  be 
determined  by  using  the  limgs  plus  a  bag  (1-5)  or  a  part  of  the 
lungs  (6)  as  a  tonometer.  The  air  in  the  lungs  is  brought  lo 
equilibrium  with  the  blood  gas  and  a  sample  of  the  air  is  analyzed. 
In  animals,  samples  of  blood  can  be  drawn  through  a  cannula 
introduced  into  the  heart. 

Samples  of  venous  blood  from  single  organs  can  be  obtained 
in  animals  when  the  technical  diflSculties  can  be  overcome. 
Extensive  studies  have  been  made  in  the  last  few  years,  partic- 
ularly by  Barcrbft  and  his  associates  (7).* 

In  adults  the  superficial  veins  of  the  limbs  and  neck,  partic- 
ularly of  the  arm  (vena  mediana)  are  the  only  sources  from  which 
venous  blood  can  be  obtained.^  That  means  that  only  blood 
coming  from  a  limited  region,  consisting  chiefly  of  muscles,  can 
be  studied.  Consequently  the  field  of  investigation  is  limited. 
The  conditions  can  be  varied  voluntarily  only  to  a  smaU  extent. 
The  results  have  to  be  interpreted  chiefly  in  an  empirical  way 
and  by  means  of  general  clinical  observation.  In  spite,  however, 
of  limitations  and  a  priori  theoretical  diflSculties  in  interpreting 

*  For  bibliography  see  Barcroft  (7). 

*  In  the  Pediatric  Department  of  Johns  Hopkins  Hospital  venous  blood 
is  obtained  by  puncturing  the  sinus  sagittalis  in  babies.  This  method 
makes  it  possible  to  obtain  venous  blood  without  stasis  from  children 
where  the  superficial  veins  are  too  small. 
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the  results,  the  question  of  the  amount  of  oxygen  in  the  venous 
blood  in  health  and  disease  Has  always  been  considered  important 
by  physiologists  and  clinieians,  although  few  investigations  have 
been  made.  Not  only  are  the  observations  on  pathological  cases 
few,  but  the  determinations  on  normal  individuals  are  even  more 
scarce.  The  reason  for  this  is  probably  that  we  did  not  have 
any  means  of  determining  blood  gases  in  small  quantities  of  blood 
until  the  Haldane-Barcroft  method  was  devised. 

Kraus  (8)  determined  the  oxygen  and  COs  in  the  venous  blood  of  a 
series  of  normal  and  pathological  cases.  Using  the  old  blood-gas  pump 
it  was  necessary  for  him  to  draw  large  quantities  of  blood,  a  circumstance 
which  prevented  repeated  determinations  in  the  same  person.  He  found 
in  some  instances  of  incompensated  heart  cases  very  low  values  for  the 
venous  oxygen  compared  with  that  of  normal  individuals.  Using  the 
Haldane-Barcroft  method,  Morawitz  and  Rdhmer  (9)  did  eighteen  deter- 
minations on  three  normal  people,  twenty  determinations  on  nineteen 
patients  with  anemia,  and  one  determination  on  a  patient  with  polycy- 
themia. In  some  instances  they  foimd  an  increased  consumption,'  in 
other  instances  a  normal  constunption  in  their  patients.  Means  and  New- 
burgh  (10)  using  the  Haldane-Barcroft  method  foimd,  like  Kraus,  low 
values  in  four  patients  with  incompensated  heart  diseases  compared  with 
those  found  in  three  normal  subjects. 

We  know  that  in  normal  individuals  the  oxygen  content  of  the 
venous  blood  is  about  13.5  volume  per  cent,  or  two-thirds  of 
the  total  amount  in  the  blood  when  it  is  saturated.  The  values 
for  the  oxygen  in  the  blood  from  an  arm  vein  have  not  differed 
materially  from  the  values  obtained  from  the  average  blood  flow- 
ing to  the  right  side  of  the  heart.  A  similar  value  has  been 
obtained  by  calculation  in  the  experiments  on  the  blood  flow 
done  by  Krogh  and  Lindhard  s  (11)  method.^  In  animals  very 
varying  figures  have  been  obtained  in  blood  from  different  organs 
(Bar croft,  7). 

However,  our  knowledge  has  been  only  approximate.  Great 
variations  occur;  how  great,  or  how  caused,  we  do  not  know. 
It  is  therefore  necessary  to  establish  the  limits  in  not  too  small  a 

«The  term  ''consumption"  means  the  percentage  of  oxygen  absorbed 
in  the  circulation.  The  arterial  blood  was  considered  saturated  with 
oxygen. 

*  See  discussion  of  blood  flow  experiments  in  Paper  II,  /.  Exp,  Med,, 
1918,  xxvii,  in  press. 
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number  of  normal  individuals  before  we  can  hope  to  be  able  to 
interpret  results  from  abnormal  individuals.  This  paper  is  a  rer 
port  of  thirty-eight  determinations  on  twenty  normal  individuals. 

Technique. 

Two  operations  are  involved:  first,  the  drawing  of  a  sample  of 
venous  blood;  and  second,  the  determination  of  its  oxygen  content. 
The  determination  of  the  oxygen  has  been  done  by  Van  Slyke's 
method  (12).  This  method  is  quicker,  easier  to  handle,  and  more 
exact  than  the  Haldane-Barcroft,  where  the  great  volume  of 
foreign  air  in  the  apparatus  requires  elaborate  facilities  for  keep- 
ing the  temperature  constant.  A  determination  with  Van 
Slyke's  apparatus  (including  cleaning  of  the  machine)  requires 
5  to  10  minutes.  The  figure  can  be  read  with  an  accuracy  of 
0.004  cc.  Adding  to  this  the  inevitable  error  in  measuring  and 
delivering  2  cc.  with  a  pipette,  we  can  say  that  the  difference 
between  duplicates  can  always  be  kept  within  0.01  cc.  of  oxygen, 
which  is  0.5  volume  per  cent  of  the  2  cc.  of  blood  analyzed.  As 
will  be  seen  from  the  tables,  duplicates  usually  agree  much  more 
closely.  Greater  differences  are  caused  only  by  gross  errors, 
such  as  by  imperfect  mixture  of  the  corpuscles  in  the  blood,  or 
by  allowing  time  for  a  slow  oxidation  (or  deoxidation)  of  the 
blood  between  the  two  determinations  (see  below). 

The  other  part  of  the  technique,  the  obtaining  of  a  sample  of 
blood,  has  been  as  foUows:  The  arm  from  which  the  blood  is 
drawn  rests  comfortably  at  the  side  of  the  body  on  a  small, 
moderately  soft  pillow.  The  blood  is  drawn  without  stasis 
and  the  pulse  and  respiration  are  counted  from  the  moment  the 
blood  appears.*  The  apjmratus  for  blood  drawing  consists  of  a 
very  sharp  needle  connected  by  means  of  a  3  to  4  cm.  rubber 
tube  to  a  glass  pipette  of  about  0.5  cm.  bore.  The  pipette  and 
the  rubber  have  a  film  of  sodium  oxalate  crystals  in  them.  This 
is  obtained  by  wetting  the  interior  with  a  saturated  solution  of 
oxalate,  which  is  dried  with  a  current  of  air.  In  drawing  the 
blood  one  puts  the  upper  end  of  the  pipette  into  the  mouth  (some 

'  It  might  be  more  logical  to  start  counting  the  pulse  a  half  minute  before 
the  blood  appears.  However,  the  pulse  rate  usually  keeps  almost  constant 
under  the  procedure  if  it  is  skilfully  done. 
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cotton  wool  wDl  prevent  saliva  from  flowing  down)  and  quickly 
introduces  the  needle  in  the  proximal  direction.  After  a  little  prac5- 
tice  it  is  generally  possible  to  obtain  blood  at  the  first  puncture. 
If  the  needle  is  dull,  unnecessary  pain  will  be  caused  and  the  vein 
will  probably  escape  the  needle.  If  the  point  is  too  long,  it  will 
almost  invariably  hit  the  opposite  wall  of  the  vein  before  the  point 
is  entirely  within.  The  needle  is  introduced  best  at  an  angle  of 
about  50°  with  the  surface  of  the  arm.  The  opening  of  the  needle 
must  be  kept  downward  or  to  the  side  so  that  the  upper  wall  of  the 
vein  will  not  close  the  opening  when  the  blood  is  being  drawn.  In 
drawing  the  blood  only  a  gentle  suction  is  necessary,  and  if  air 
should  happen  to  be  sucked  through  the  blood  the  sample  must  be 
thrown  away  and  a  new  pipette  used.  The  needle  and  rubber  can 
often  be  kept  in  situ  while  another  pipette  is  connected  with  the 
rubber.  When  a  sufficient  amount  of  blood  (6  to  12  cc.)  has  been 
drawn,  the  upper  end  of  the  pipette  is  closed  by  a  finger  and  the 
needle  withdrawn.  Then  the  needle  and  the  rubber  are  taken 
away  from  the  pipette  and  the  blood  is  discharged  into  a  cylinder  (2 
cm.  wide  and  with  a  few  oxalate  crystals  in  the  bottom)  below  a 
layer  of  white  mineral  oil  at  least  2  cm.  deep.  Just  before  the 
last  0.5  to  1  cc.  of  blood  has  run  out,  the  pipette  is  again  closed 
with  a  finger  and  withdrawn,  because  the  upper  part  of  the  blood 
in  the  glass  pipette  has  been  oxidized  and  must  be  discarded. 
The  blood  in  the  cylinder  is  then  stirred  up  with  a  glass  rod  to 
secure  a  good  mixing  with  the  oxalate.  From  the  cylinder  2  cc. 
.  samples  of  blood  are  introduced  into  Van  Slyke's  apparatus  below 
a  layer  of  evacuated  dilute  ammonia  as  described  by  Van  Slyke 
(12).  Before  a  sample  is  taken  the  blood  must  be  stirred  up 
carefully  to  secure  homogeneity.  If  the  blood  has  been  kept  in 
an  ice  box  for  some  time  (see  below)  it%is  often  difficult  to  secure 
homogeneity,  even  after  it  has  gained  room  temperature.  It  gets 
more  sticky  and  adheres  to  the  sides  of  the  cylinder.  It  is  there- 
fore advisable  to  do  the  determinations  on  fresh  blood.  After  the 
blood  has  been  stirred  with  a  rod,  a  2  cc.  pipette  is  introduced, 
the  upper  end  being  closed  to  prevent  mineral  oil  from  coming  up, 
and  after  a  few  seconds^  additional  stirring  with  the  pipette,  the 
sample  is  sucked  up  and  discharged  into  the  apparatus.  The 
pipette  must  be  calibrated  for  2  cc.  outflow,  and  may  be  cali- 
brated either  for  complete  discharge  or  for  discharge  to  a  mark 


Digitized  by 


Google 


C.  Lundsgaard  137 

on  the  lower  stem.  The  latter  is  preferable,  but  the  pipette  for 
complete  discharge  gives  in  practice  equally  good  results,  because 
only  a  very  little  surface  of  blood  touches  the  air,  so  the  whole 
blood  column  may  be  used  without  introducing  any  appreciable 
error.  The  calculation  of  the  amount  of  oxygen  in  the  sample  is 
simple  (see  p.  131,  Van  Slyke's  paper  (12) ).  The  determination  of 
the  total  oxygen-combining  power  of  the  blood  has  in  some  instances 
been  done  with  the  Van  Slyke  apparatus,  in  other  instances  with 
Palmer's  colorimetric  method  (13).  If  the  blood  has  been  kept 
in  an  ice  box  for  some  time,  it  may  be  impossible  to  rely  upon 
the  homogeneity.  Consequently  when  the  main  sample  of  blood 
is  placed  under  an  oil  layer,  a  portion  of  about  1  or  2  cc.  is  trans- 
ferred to  a  special  dish  without  oil  and  used  for  the  Palmer  de- 
termination. It  is  advisable  to  have  a  glass  bead  in  this  dish  to 
stir  the  sample. 

RESULTS.   . 

The  results  are  given  in  Tables  I  and  II.  Besides  the  date 
and  hour  of  bleeding  and  of  the  determination,  the  pulse  and 
respiration  during  the  bleeding,  three  groups  of  figures  are  given. 

(1)  The  oxygen  content  of  the  venous  blood  in  volume  per  cent 
corrected  for  temperature  and  pressure.  In  all  instances  double 
determinations  have  been  done  and  the  average  has  been  taken. 

(2)  The  oxygen-combining  power  of  the  blood  (hemoglobin), 
in  most  instances  calculated  from  the  determination  of  the  hemo- 
globin by  Palmer's  method.^  (3)  The  diflference  between  the 
oxygen  in  the  venous  blood  and  the  total  oxygen-combining  power 
of  the  hemoglobin. 

This  last  figure  is  important.  It  is  difficult  to  attach  much 
significance  to  the  figure  for  the  venous  oxygen,  unless  we  know 
what  percentage  of  the  total  oxygen-combining  power  of  the 
hemoglobin  the  venous  oxygen  represents.  The  venous  oxygen 
imeontrolled  by  hemoglobin  determinations  is  as  in'c'omplete  as 
a  nitrogen  excretion  considered  without  relationship  to  the  nitro- 
gen intake.  We  have  termed  the  diifereuce  between  the  venous 
oxygen  and  the  total  oxygen-combining  power  of  the  hemoglobin 

•  I  am  greatly  indebted  to  Dr.  Walter  W.  Palmer,  who  has  done  the 
majority  of  these  determinations.- 
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the  oxygen  unsaturation  of  the  venous  blood,  since  it  represents 
that  portion  of  the  hemoglobin  which  does  not  have  its  oxygen- 
binding  values  saturated.  The  term  unsaturation  is  used  in  a 
sense  analogous  to  that  in  which  it  is  used  in  organic  chemistry, 
defined  by  Webster  as  ^'falling  short  of  saturation,  not  combined 
to  the  greatest  possible  extent."^ 

Thirty-eight  determinations  on  twelve  different  normal  in- 
dividuals have  been  done.  In  Table  I  are  given  twenty  determina- 
tions on  one  person,  and  in  Table  II  eighteen  determinations  on 
eleven  different  people.  Care  has  been  taken  to  draw  the  blood 
from  a  person  resting  as  completely  as  possible,  because  we  know 
that  an  increase  in  the  metabolism  necessarily  is  followed  by  an 
increased  oxygen  consumption.  Before  the  drawing  of  the  blood 
the  subjects  rested  on  a  couch  for  some  time,  in  some  experiments 
10  minutes^  in  others  half  an  hour.  In  some  instances  the  blood 
was  taken  in  the  morning,  before  getting  up.  It  does  not  seem 
to  make  any  difference  whether  the  resting  period  is  10  minutes 
or  30.  The  oxygen  content  of  the  blood  taken  in  the  morning 
had  a  tendency  to  be  low,  particularly  when  the  person  had  been 
awake  only  a  few  seconds.  The  average  figure  for  the  oxygen 
content  in  the  twenty  determinations  on  No.  1  is  13.7  volume  per 
cent,  with  a  maximum  of  16.84  volume  per  cent  and  a  minimum 
of  9.55.  The  average  figure  for  the  eighteen  determinations  on 
the  other  cases  is  13.6  volume  per  cent,  with  a  maximmn  of  17.98 
and  a  minimum  of  10.36  volume  per  cent. 

The  total  oxygen-combining  power  (the  hemoglobin)  has  varied 
from  21.44  (hemoglobin  116  per  cent)  to  17.50  (hemoglobin 
94.5  per  cent).  This  must,  of  course,  influence  the  amount  of 
oxygen  in  the  venous  blood.  In  the  determination  in  No.  27, 
for  instance,  the  amoimt  of  oxygen  in  the  venous  blood  is  greater 
than  the  total  capacity  of  the  hemoglobin  in  No."  36.  Such  meas- 
ures illustrate  the  necessity  of  taking  as  a  measure  of  oxygen 

^  The  term  oxygen  consumption  has  been  applied  to  the  figure  for  which 
we  prefer  the  more  exact  term  unsaturation.  The  use  of  consumption  in 
this  connection  implies  that  all  the  venous  oxygen  which  the  venous  blood 
requires  in  order  to  be  saturated  is  lacking  for  the  reason  that  it  has  been 
consumed  by  the  tissues.  This  assumption  would  be  correct  if  one  could 
always  be  certain  that  the  arterial  hemoglobin  is  100  per  cent  saturated 
with  oxygen.  Since  one  cannot  be  certain  of  this,  it  seems  preferable  to 
use  the  term  unsaturation,  which  is  free  from  the  above  assumption. 
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consumption  the  oxygen  unsaturation  rather  than  the  oxygen 
content  of  the  venous  blood.  The  average  value  of  the  oxygen 
unsaturation  for  Case  1  is  5.5  volume  per  cent,  the  minimum 
being  2.70,  the  maximum  8.95.  The  average  for  the  eighteen 
determinations  on  Cases  2  to  12  is  6.0  volume  per  cent,  with  a 
minimum  of  3.00,  a  maximum  of  8.83  (Table  IV). 

The  determinations  are  too  few  to  allow  an  interpretation  of  the 
different  causes  of  the  variations.*  Series  of  determinations  on 
different  individuals  under  different  conditions  might  throw 
light  upon  that  problem.  There  is  generally  a  decrease  in  the 
oxygen  unsaturation  with  increasing  pulse  rate,  but  it  is  by  no 
means  invariable.  It  is  worth  mentioning  that  a  value  for  the 
oxygen  unsaturation  of  more  than  8  volume  per  cent  is  found  in 
only  four  instances,  in  all  of  which  the  blood  was  drawn  in  the 
morning,  a  few  seconds  after  the  subject  awoke.  In  other  words, 
the  highest  degree  of  unsaturation  is  found  under  circumstances 
where  the  metabolism  is  lowest,  when  the  individual  usually 
has  his  lowest  pulse  rate,  and  when  all  exciting  impressions  have 
been  excluded  for  a  considerable  time. 

In  some  instances  it  has  been  impossible  to  do  the  blood  analysis 
immediately  after  a  bleeding.  In  order  to  find  out  how  long,  and 
under  what  conditions  the  blood  samples  can  be  stored,  experi- 
ments have  been  done  as  shown  in  Table  III. 

The  figures  show  that  the  blood  can  be  kept  in  an  ice  box  at  a 
low  temperature  (6°C.)  for  a  considerable  length  of  time  (at  least 
24  hours)  before  any  appreciable  changes  take  place.  After  a 
certain  time  the  blood  will  absorb  oxygen  through  the  oil  and  the 
values  will  increase.  The  opposite  happens  when  the  blood  is 
kept  in  the  laboratory.  We  cannot  expect  it  to  keep  constant 
more  than  2  hours.  After  that  interval  the  oxygen  content 
diminished  rapidly,  probably  on  account  of  bacterial  action. 

« A  series  of  papers  in  which  the  technique  described  in  this  paper  is 
applied  to  the  clinical  study  of  patients  with  heart  disease  will  be  published 
in  The  Journal  of  Experimental  Medicine, 
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SUMMARY. 

1.  A  report  is  made  of  a  series  of  determinations  by  the  Van 
Slyke  method  of  the  oxygen  in  the  blood  drawn  from  the  vena 
mediana  in  normal  resting  individuals. 

2.  A  procedm^  for  drawing  the  blood  without  stasis  or  absorp- 
tion of  air  has  been  devised. 

3.  The  diflference  between  the  total  oxygen-combining  power 
of  the  hemoglobin  and  the  oxygen  in  the  venous  blood  is  cal- 
culated. This  figure  is  termed  the  oxygen  unsaturation  of  the 
venous  blood. 

4.  The  results  are  the  following: 

TABLE  IV. 


No.  of 
Individ. 

No.  of  de- 
termina- 

OxyKon  content  of  venous  blood. 
Vol.  percent. 

Oxysen  unsaturation  of  venous  Mood. 
Vol.  percent. 

uab.             tions. 

Maximum. 

Minimum. 

Average. 

Minimum. 

Averaoe. 

12             38 

17.98 

9.55 

13.6 

S.95 

2.70 

- 

5.8 
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ADENINE  AND  GUANINE  IN  COW'S  MILK. 

By  carl  VOEGTLIX  and  CARL  P.  SHERWIN. 

(From  the  Division  of  Pharmacology j  Hygienic  Laboratory,  Washitigion.) 

(Received  for  publication,  November  19,  1917.) 

In  the  course  of  some  work  on  the  isolation  of  the  antineuritic 
substance  present  in  cow's  milk,  we  incidentally  discovered  that 
this  food  contains  fair  amounts  of  adenine  and  guanine.  Inas- 
much as  we  were  unable  to  locate  any  reference  in  the  litera- 
ture to  such  findings,  we  present  this  brief  note,  which  may  be  of 
interest  in  connection  with  the  biochemistry  of  milk  for  the  fol- 
lowing reasons:  (1)  milk  is  usually  considered  to  be  practically 
purine-free  and  has  been  widely  used  in  metabolism  experi- 
ments as  a  purine-free  diet;  (2)  milk  was  used  as  a  diet  in  ex- 
periments to  determine  whether  or  not  the  animal  body  can  syn- 
thesize purines  and  nucleic  acid  from  purine-free  food;  (3)  the 
mammary  glands  may  act  under  certain  conditions  as  an  excretory 
organ  for  metabolism  products,  drugs,  and  poisons. 

Concerning  the  occurrence  of  purines  in  cow's  milk,  Schmidt- 
Mulheim  (1883)  claims  that  he  detected  free  hypoxanthine. 
Buridn  and  Schur  (1897)  state  that  they  did  not  succeed  in  iso- 
lating uric  acid  from  cow's  milk;  however,  the  presence  of  xan- 
thine bases  was  established  by  means  of  the  silver  precipitate 
method.  The  following  figures  are  given:  1  Uter  of  cow's  milk 
yielded  approximately  0.005  gm.  of  purine  nitrogen  in  the  silver 
purine  precipitate. 

One  grave  objection  can  be  raised  to  the  method  employed  by 
these  investigators;  namely,  the  use  of  AgNOa,  a  reagent  which  is 
known  to  deaminize  amino-purine  unless  it  is  used  carefully. 
It  is  possible  that  the  hypoxanthine  which  was  isolated  was  in 
reality  due  to  the  deamination  of  adenine  primarily  contained 
in  the  milk. 
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EXPERIMENTAL. 

The  milk  was  obtained  from  a  herd  of  Jersey  cows  and  repre- 
sented a  mixed  sample.  100  liters  of  milk  were  worked  up  in 
the  following  manner:  The  whole  milk,  after  a  thorough  shak- 
ing, was  made  slightly  acid  with  acetic  acid.  The  curdled  milk 
was  then  filtered  by  suction.  To  the  filtrate  an  equal  volume  of 
95  per  cent  alcohol  was  added  and  again  filtered.  This  seemed 
to  remove  most  of  the  remaining  protein  and  a  clear  transparent 
hquid  was  the  result  of  this  last  operation.  The  addition  of  the 
alcohol  also  served  a  second  purpose.  As  the  fluid  had  to  be 
evaporated  to  a  very  small  volume  in  vacuo,  the  addition  of  alco- 
hol lowered  the  boiling  point  of  the  solution,  thus  preventing  over- 
heating. After  evaporating  the  solution  at  45°C.  in  vacuo  to 
about  5  per  cent  of  its  original*  volume  a  thick  white  Uquid 
remained.  This  residue  contained  fats,  milk  sugar,  lipoids, 
traces  of  protein,  as  well  as  inorganic  salts.  The  fats  and  lipoids 
were  removed  by  repeated  extraction  with  ether,  and  the  protein 
was  removed  by  a  single  filtration.  The  remaining  liquid  was 
acid  in  reaction  (acetic),  yellowish  green  in  color,  and  had  a 
syrupy  consistency.  After  standing  for  24  to  48  hours,  crystals 
began  to  appear  and  after  about  2  weeks  (depending  on  concen- 
tration) the  crystallization  became  complete.  The  crystals  were 
lactose.  For  the  sake  of  convenience  8  liters  of  milk  were  worked 
uj)  in  this  manner  daily.  The  final  volume  of  each  lot  of  milk 
amounted  to  from  350  to  400  cc.  The  various  portions  were 
united  and  treated  with  a  concentrated  aqueous  solution  of  either 
silver  acetate  or  nitrate.  One-fourth  of  the  entire  solution 
(1,500  cc.)  was  thus  treated  with  Ag  acetate  in  excess.  The  re- 
mainder was  precipitated  with  an  excess  of  silver  nitrate.  The 
precipitate  caused  by  the  addition  of  the  silver  solutions  to  the 
milk  residue  was  necessarily  divided  into  two  lots;  silver  purine 
precipitate  from  AgNOa  and  silver  purine  precipitate  from  silver 
acetate.  Both  precipitates  were  filtered  off  separately  and  washed 
well  with  cold  water. 

Treatment  of  Silver  Purine  Fraction. 

The  AgNOs  purine  precipitate  was  washed  off  the  filter,  sus- 
pended in  water,  to  which  sufficient  HCl  had   been  added  to 
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transform  all  the  silver  into  AgCl.  The  latter  was  filtered  off 
and  the  filtrate  was  carefully  evaporated  to  a  small  volmne 
in  vacuo  at  low  temperature  in  order  to  protect  the  amino- 
purines  from  the  destructive  action  of  the  nitric  acid.  The 
remaining  solution  was  niade  alkaline  with  ammonia  in  order 
to  precipitate  the  guanine.  The  guanine  settled  out  as  a  gelat- 
inous mass,  which  was  redissolved  in  dilute  HCl  and  repre- 
cipitated  with  NH4OH.  After  drying  this  precipitate,  an  amor- 
phous white  mass  remained. 

The  filtrate  from  the  original  guanine  precipitate  was  treated 
with  CO2  in  order  to  remove  the  adenine.  This  method  did  not 
prove  satisfactory,  so  the  solution  was  slightly  acidified  with 
HCl  and  treated  with  a  saturated  solution  of  picric  acid  in 
water.  After  some  standing  the  resulting  yellowish  brown  pre- 
cipitate was  filtered  off  and  recrystallized  from  water.  It  gave 
all  the  tests  for  adenine  picrate. 

The  silver  acetate  purine  fraction  was  treated  in  the  same 
way  and  corresponding  amounts  of  guanine  and  adenine  picrate 
were  obtained. 

The  total  amount  of  adenine  picrate  from  both  fractions  after 
recrystallization  amounted  to  1.141  gm.  (0.72  gm.  from  AgNOs; 
0.421  gm.  from  Ag  acetate)  or  0.498  gm.  of  adenine.  The  total 
guanine  collected  (recr3n3tallized)  was  1.09  gm. 

'  IderUiJUxUion  of  Oiuxnine. 

The  guanine  recovered  from  the  pmine  fraction  after  repre- 
cipitation  fipom  add  solution  by  NHi  and  drying  was  a  white 
amorphous  powder.  It  was  converted  into  its  different  salts  as 
follows. 

Gtuxnine  Sulfate. — ^A  fraction  of  a  gram  of  the  powder  was 
dissolved  in  dilute  HjS04  (warm)  and  allowed  to  stand  over 
night  on  ice.  The  following  morning  long  white  rhombic  needles 
had  formed.  The  crystals  were  filtered  off,  dried  in  vacuo  to 
constant  weight,  and  then  a  melting  point  was  taken.  The 
crystals  lose  their  water  of  crystallization  at  118-120°.  No 
definite  melting  point  was  obtained. 

Guanine  Picrate. — 0.3  gm.  of  guanine  was  dissolved  in  dilute 
HCl  and  treated  with  a  saturated  aqueous  solution  of  picric  acid. 
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A  substance  crystallized  out  in  the  form  of  clusters  of  needles, 
only  light  yellow  in  color.  The  crystals  were  filtered  off  and 
dried  at  100**.  The  substajice  had  no  true  melting  point  but 
decomposed  at  190-200''. 

0.1509  gm.  of  the  picrate  yielded  on  analysis  0.0422  gm.  X  or  29.29  per 
cent.    Guanine  picrate  contains  29.41  per  cent  X. 

Guanine  Hydrochloride, — A  small  amount  of  the  guanine  ob- 
tained from  milk  was  dissolved  in  dilute  HCl.  On  standing  at  a 
low  temperature  crystals  formed  in  the  shape  of  needles.  These 
were  filtered  off  and  dried  as  well  as  possible  in  the  desiccator 
over  concentrated  H2SO4.  The  substance  did  not  have  a  definite 
melting  point. 

0.1212  gm.  of  the  substance  yielded  0.0457  gm.  X  or  37.52  per  cent. 
N  calculated  for  guanine  HCl  =  37.26  per  cent. 

Identification  of  Adenine. 

Adenine  Picrate, — Adenine  picrate  as  obtained  in  the  way 
previously  described  was  dried  at  105°  and  gave  a  melting  point 
of  278-28^. 

0.0891  gm.  of  the  picrate  yielded  0.0276  gm.  X  or  30.98  per  cent.  X 
calculated  for  adenine  picrate  =  30.82  per  cent. 

The  picrate  was  sparingly  soluble  in  hot  water,  practically 
insoluble  in  cold  water.     It  crystallized  in  yellow  needle-form. 

Recovery  of  Adenine  from  Adenine  Picrate, 

From  the  adenine  picrate  the  free  adenine  was  obtained  by 
treating  the  picrate  with  HCl  and  toluene-ether.  The  major 
portion  was  lost  in  this  operation,  but  a  small  percentage  of  the 
adenine  reclaimed  had  the  following  properties. 

Melting  point,  350-360*';  Kjeldahl  nitrogen,  0.0722  gm.  Adenine  gave 
0.0372  gm.  N  or  51.52  per  cent;  X  calculated  for  adenine  =  51.85  per  cent. 
The  substance  was  recovered  in  the  form  of  white  needles. 
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SUMMARY  AND   DISCUSSION. 

As  will  be  seen  from  the  data  reported,  cow's  milk  contains 
small  amounts  of  both  guanine  and  adenine.  1  liter  of  milk 
contains  at  least  5  mg.  of  adenine  and  about  10  mg.  of  guanine. 
These  values  may  be  considered  as  minimum  values,  as  the 
method  of  isolation  of  these  amino-purines  is  by  no  means  quan- 
titative. It  is  interesting  to  compare  these  figures  with  those  of 
Krtiger  and  Salomon  (1898-99)  dealing  with  the  adenine  and, 
guanine  content  of  normal  human  urine.  These  authors  found 
in  10,000  liters  of  urine  3.54  gm.  of  adenine,  no  guanine,  10.11 
gm.  of  xanthine  and  8.50  of  hypoxanthine  (accordingly,  1  liter 
of  urine  contains  0.35  mg.  of  adenine  and  no  guanine).  The 
question  as  to  whether  the  purines  found  in  milk  are  derived  from 
the  blood  purines  or  whether  they  are  formed  from  the  breaking 
down  of  the  nucleic  acid  in  the  mammary  gland  is  still  left  open. 
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THE  NUTRITIVE  PROPERTIES  OF  KAFIRIN. 

By  albert  G.  HOGAN. 

{JPfOfm  the  Department  of  Chemiatryf  Kansas  State  Agricultural  Experiment 
Station f  Manhattan.) 

(Received  for  publication,  November  22,  1917.) 

Agriculturists  have  known  for  years  that  the  sorghum  grains 
are  peculiarly  adapted  to  regions  of  light  or  insufficient  rainfall, 
and  for  that  reason  they  have  urged  that  larger  areas  in  the  semi- 
arid  regions  be  devoted  to  the  culture  of  kafir,  feterita,  and  milo. 
In  view  of  the  drouth-resisting  properties  of  these  grains,  and 
their  increasing  economic  importance,  it  seemed  desirable  to 
investigate  more  closely  their  nutritive  value. 

Such  knowledge  as  we  have  of  the  individual  proteins  of  kafir 
is  largely  due  to  Johns  and  Brewster  (1916).  These  authors 
found  that  most  of  the  nitrogenous  matter  of  kafir,  about  67  per 
cent  of  the  total  protein,  was  soluble  in  alcohol,  and  they  coined 
the  term  kafirin  for  this  particular  protein.  They  made  a  careful 
chemical  examination  of  the  material,  and  for  convenience,  some 
of  their  results  are  included  below. 

Analysis  of  an  average  of  thirteen  samples  of  kafirin  gave:  C, 
55.19  per  cent;  H,  7.36;  N,  16.44;  S,  0.60;  0,  20.41.  The  authors 
also  determined  the  percentage  of  diamino-acids  in  kafirin  by  the 
Van  Slyke  method,  with  the  following  results:  arginine,  1.58 
per  cent;  lysine,  0.90;  histidine,  1.00;  and  tryptophane,  present. 

Because  kafirin  forms  such  a  large  proportion  of  the  protein 
of  kafir,  its  nutritive  properties  were  studied  in  some  detail. 

A  basal  ration*  was  prepared  in  which,  for  all  practical  purposes, 

»  12  per  cent      15  per  cent 

kafirin.  kafirin. 

Protein 126  157 

Protein-free  milk 257  257 

Butter ; 300  300 

Starch 295  265 

Agar 20  20 
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kafirin  formed  the  sole  source  of  protein  supply.  In  all  cases 
this  diet  resulted  in  nutritive  failure  (Chart  1),  and  accordingly 
kafirin  was  supplemented  with  other  deficient  proteins,  gliadin 
and  gelatin,  in  the  hope  that  some  clue  might  be  obtained  to  the 
amino-acid  deficiencies  of  kafirin.  These  proteins  were  added 
to  the  basal  ration,  in  the  proportion  of  100  gm.  supplement  to 
each  1,000  gm.  of  the  ration.  The  addition  of  gliadin,  for  a 
short  time  at  least,  barely  sufficed  to  maintain  the  live  weight 
of  the  animals;  but  the  addition  of  gelatin  enabled  them  to  grow 
slowly.  Both  proteins  were  then  added  to  the  basal  ration. 
(Chart  2)  in  the  proportion  of  50  gm.  of  each  to  1,000  gm.  of 
the  ration,  with  the  result  that  apparently  the  animals  grew  still 
more  rapidly  than  they  did  when  gelatin  alone  was  added.  The 
data  are  illustrated  graphically  in  Charts  1  and  2. 

It  is  evident,  taking  the  period  as  a  whole,  that  the  rats  re- 
ceiving both  protein  supplements  grew  more  rapidly  than  the 
rats  receiving  only  gelatin.  Isolated  periods  could  be  selected 
in  which  the  animals  of  this  latter  lot  grew  as  rapidly  as  the  others, 
but  probably  no  especial  significance  should  be  attached  to  that 
point.  Two  or  three  obvious  explanations  for  the  behavior  of 
these  rats  could  be  advanced,  but  the  theory  chosen  tentatively 
was  that  there  are  at  least  two  limiting  factors  in  kafirin  as  a 
source  of  protein.    Gelatin  supplies  one,  and  gliadin  the  other. 

The  most  conspicuous  advantage  of  gelatin  over  gliadin  as  a 
source  of  amino-acid  supply  is  its  much  larger  percentage  of 
lysine.  In  other  respects,  however,  gelatin  is  decidedly  deficient, 
as  it  lacks  tyrosine,  cystine,  and  tryptophane.  Gliadin,  on  the 
other  hand,  is  deficient  in  lysine,  but  contains  the  other  three 
amino-acids  in  fairly  satisfactory  proportions.  It  seemed  logi- 
cal therefore  to  assume  that  lysine  is  the  first  limiting  factor  in 
kafirin,  and  that  the  second  is  one  of  the  three  other  amino-acids 
mentioned,  tyrosine,  cyistine,  or  tryptophane. 

Some  of  the  earlier  work  concerning  the  r61e  of  tryptophane 
in  nutrition  has  been  summarized  in  an  earlier  paper  (1917)  from 
this  laboratory.  The  important  r61e  that  cj^tine  plays  in  nutri- 
tion has  been  demonstrated  by  Osborne  and  Mendel  (1915). 
Their  data  show  that  when  casein  is  the  only  protein  in  the  ration 
cystine  under  certain  conditions  becomes  a  limiting  factor.  Ac- 
cording to  Mathews  (1915)  casein  contains  0.8  per  cent  of  sulfur, 
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while  according  to  Johns  and  Brewster  (1916)  kafirin  contaios 
only  0.6  per  cent  of  that  element.  It  is  an  assumption  to  cal- 
culate that  all  the  sulfur  of  these  proteins  is  cystine  sulfur,  but 
the  data  make  it  seem  possible  that  the  amount  of  cystine  in 
kafirin  is  well  below  the  optimum. 

The  statement  is  frequently  encoimtered  in  the  literature 
that  tyrosine  is  an  essential  amino-acid.  Totani  (1916)  beUeves 
that  tjTosine  is  not  necessarily  essential,  and  apparently  the 
facts  in  the  case  have  not  been  finally  established. 

In  an  eflfort  to  investigate  the  deficiencies  of  kafirin  more 
definitely,  the  amino-acids*  mentioned  were  added  directly  to 
the  basal  rations.  These  additions  were  made  singly  or  collec- 
tively as  follows:  lysine,  cystine,  l3rsine  plus  cystine,  Ijrsine  plus 
tyrosine,  lysine  plus  tryptophane. 

The  lot  receiving  the  basal  ration  plus  lysine  grew  slowly,  in 
accordance  with  our  expectations.  Evidently  lysine  (Chart  2) 
is  the  first  limiting  factor  in  kafirin.  Accordingly,  in  our  other 
feeding  trials  (Chart  3),  lysine  was  alwajrs  made  a  part  of  the 
basal  ration.  The  further  addition  of  tryptophane  to  the  diet 
did  not  increase  the  rate  of  growth,  and  a  similar  addition  of  tyro- 
sine (Chart  4)  was  equally  ineffective.  When  cystine  was  super- 
imposed on  this  ration,  however,  the  animals  grew  somewhat 
more  rapidly.  Small  variations  might  seem  insuflScient  to  estab- 
lish this  point,  but  the  unanimity  of  the  results  seems  conclu- 
sive. Furthermore,  the  marked  acceleration  in  growth  that 
follows  the  addition  of  cystine  after  it  has  been  withheld  for 
some  time  seems  even  more  conclusive.  Accordingly,  our  in- 
terpretation of  the  data  is  that  cystine  is  the  second  limiting 
factor  in  kafirin.    Charts  3  and  4  give  the  data  in  greater  detail. 

'  In  some  cases  the  t3rro8ine  used  was  a  Kahlbaum  preparation,  in 
others  it  was  prepared  by  the  author.  The  cystine,  tryptophane,  and 
lysine  were  prepared  in  this  laboratory. 

The  amount  of  lysine  added  varied  from  3  to  6  per  cent  of  the  kafirin 
in  the  ration,  but  the  larger  amoimt  seemed  no  more  effective  than  the 
smaller.  The  cystine  formed  5  per  cent  of  the  kafirin,  and  enough  t3rrosine 
was  added  to  equal  4  per  cent  of  the  protein. 
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The  Lysine  Requirement  of  Immature  Animals. 

The  data  bring  out  one  fact  of  general  application;  namely , 
that  lysine  is  indispensable,  even  for  the  maintenance  of  yomig 
animals.  This  point  has  been  in  doubt  for  some  time  because 
of  the  difficulty  in  proving  that  a  diet  contains  no  lysine.  Gli- 
adin  was  formerly  thought  to  lack  that  particular  amino-acid^ 
and  because  of  that  beUef,  earlier  experimental  work  on  the  nu- 
tritive properties  of  gliadin  was  assumed  to  have  special  signifi- 
cance. Osborne  and  Mendel  (1914)  stated  that  rats  maintained 
their  live  weight  unchanged,  but  failed  to  grow  when  gliadin 
formed  the  sole  source  of  protein  in  the  ration.  Their  interpre- 
tation was  that  Ijrsine  is  necessary  for  growth,  but  is  not  neces- 
sary for  maintenance.  When  somewhat  later  the  presence  of 
l3rsine  in  gliadin  was  established,  they  (1916)  recognized  the 
element  of  doubt  attached  to  their  earher  pronouncement.  The 
behavior  of  animals  receiving  their  protein  in  the  form  of  zein 
has  also  been  interpreted  as  an  indication  that  lysine  is  not 
required  for  the  maintenance  of  nutritive  equilibrium.  Willcock 
and  Hopkins  (1906)  found  that  mice  receiving  zein  as  the  sole 
source  of  protein  died  in  less  than  2  weeks.  Those  receiving 
zein  and  tryptophane  were  active  after  16  days  of  zein  feeding^ 
but  had  lost  weight.  Wheeler  (1913)  obtained  similar  results, 
but  even  after  fortifying  the  zein  with  tryptophane  the  animals 
constantly  lost  weight.  Similar  results  are  recorded  by  Osborne 
and  Mendel  (1914)  in  their  series  of  experiments.  Their  animals 
receiving  a  zein  plus  tryptophane  diet  were  at  a  nutritive  stand- 
still or  lost  weight,  though  they  grew  rather  rapidly  on  the  further 
addition  of  lysine. 

The  precise  status  of  lyisine  in  nutrition  remained  uncertain, 
however,  because  of  the  difficulty  in  estimating  or  even  detecting 
small  quantities  of  that  amino-acid.  Recently  Osborne,  Van 
Slyke,  and  collaborators  (1915)  published  data  indicating  no 
inconsiderable  quantity  of  lysine  in  gliadin.  The  method  of 
Van  Slyke  yielded  an  average  result  of  1.33  per  cent,  and  the 
direct  method  of  Kossel  and  Kutscher  resulted  in  the  recovery 
of  0.64  per  cent  of  the  gliadin  as  lysine.  There  is  no  doubt, 
therefore,  that  gliadin  contains  approximately  1  per  cent  of 
l3rsine,  while  kafirin,  according  to  Johns  and  Brewster  (1916), 
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contains  0.90  per  cent.  On  the  other  hand,  such  evidence  as  is 
available  points  strongly  to  the  complete  absence  of  lysine  from 
zein.  Osborne  and  Leavenworth  (1913)  fomid  no  trace.  Further- 
more, according  to  a  theory  advanced  by  Van  Slyke  and  Birchard 
(1914),  proteins  containing  l3rsine  possess  free  amino  groups  that 
react  with  nitrous  acid;  but  zein  gives  no  evidence  of  such  a 
reaction.  Gliadin,  on  the  contrary,  according  to  their  data 
yields  1.10  per  cent  of  the  total  nitrogen  as  free  amino  nitrogen. 
Although  this  evidence  may  be  questioned,  yet  such  weight 
as  it  has  is  all  against  the  presence  of  lysine  in  the  zein  complex. 
If  the  facts  deduced  from  zein  feeding  contradict  our  findings 
while  feeding  kafirin,  we  have  no  explanation  for  the  discrepancy. 

SUMMARY. 

L3rsine  is  the  first  limiting  factor  in  kafirin  and  C3rstine  is  the 
second. 
Lysine  is  indispensable  for  the  maintenance  of  young  animals. 
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Chart  3.  All  these  animals  received  a  ration  containing  15  per  cent  kafiiin/  and 
lysine.  Three  of  them,  Rats  259,  260,  and  261,  received  in  addition  tryptophane  and 
C3rstine  at  the  point  shown  by  a.  At  point  6,  the  C3rstine  feeding  was  discontinued 
and  thereafter  these  rats  received  as  amino-acid  supplements  only  Ijrsine  and  tiypto* 
phane.  The  other  three  animals.  Rats  219,  233,  and  265,  received  ojrstine  in  addition 
to  the  lysine  at  all  times. 

The  effects  of  C3rstine  feeding  are  not  marked,  but  the  lot  receiving  this  amino- 
acid  made  a  distinctly  greater  gain  than  the  other.  The  males  normally  grow  faster 
than  the  females,  yet  Rat  260  on  the  tr3n>tophane  ration,  a  male,  grew  somewhat 
more  slowly  than  either  of  the  females  receiving  the  cystine  diet.  For  a  short  time, 
the  tryptophane  lot  received  C3rstine,  and  it  seems  significant  that  in  this  brief  period 
they  should  exhibit  smch  a  marked  increase  in  the  rate  of  growth.  If  the  cystine 
feeding  had  been  omitted,  it  seems  probable  that  these  rats  would  have  made  a  still 
more  unfavorable  showing  as  compared  with  the  cystine  lot. 
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Chart  4.  The  data  shown  in  this  chart  are  not  completOi  as  the  in- 
vestigation was  unavoidably  interrupted.  In  spite  of  the  fact  that  the 
period  of  these  feeding  trials  was  short,  however,  we  believe  that  it  was 
sufficiently  long,  at  least  when  considered  in  relation  to  Chart  3,  to  admit 
of  a  final  conclusion. 

Rats  250  and  261  had  been  receiving  15  per  cent  kafirin  and  lysine'  plus 
tr3rptophane,'  and  Rat  265  had  been  on  a  diet  of  15  per  cent  kafirin  plus 
l3rsine  plus  cystine.*  At  the  point  indicated  by  a  all  were  changed  to  a 
ration  of  15  per  cent  kafirin  plus  l3rsine  plus  tyrosine.'  The  rate  of  growth 
of  the  animals  was  apparently  not  affected,  certainly  it  was  not  increased. 
At  point  h  tyrosine  was  replaced  by  cystine,  and  the  rate  of  gain  was  in- 
creased in  all  cases.    In  two  instances  it  was  marked. 
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THE  OCCURRENCE  OF  LICHENASE  IN  THE  DIGESTIVE 
TRACT  OF  INVERTEBRATES.* 

Bt  MINNA  E.  JEWELL  and  HOWARD  B.  LEWIS. 

{Prom  the  Laboratory  of  Physiological  Chemistry  of  the  University  of  Illinois, 

Urbana.) 

(Received  for  publication,  November  19,  1917.) 

No  animal  enzyme  has  yet  been  foimd  by  which  the  hydrolysis 
of  lichenin,  the  peculiar  dextran  of  Cetraria  islandica,  may  be 
accomplished.  Of  the  v^etable  enzymes,  Saiki  (1)  has  reported 
that  the  taka-diastase  of  Eurotium  oryzce  and  the  inulase  of 
Aspergillus  niger  were  active  in  the  hydrolysis  of  lichenin,  while 
malt  diastase  was  inactive,  as  previously  observed  by  Brown  (2). 
Examination  of  human  saUva  (1,  2,  3)  and  gastric  juice  (3),  of 
eJttracts  of  the  pancreas  of  the  dog  (1,  3)  and  ox  (3),  and  of  the 
intestine  of  the  pig  (1)  for  the  presence  of  a  lichenase  have  uni- 
fonnly  yielded  negative  results.  In  view  of  this  resistance  to 
hydrolysis  by  the  body  enzymes  of  the  higher  animals,  as  pointed 
out  by  Nilson  (3),  the  problem  of  the  utilization  of  lichens  by 
animals,  such  as  the  reindeer,  and  in  human  dietaries  ofifers 
many  diflSculties.  Bacterial  decomposition  might  be  expected 
to  play  a  r61e  here,  but  according  to  Saiki  (1)  cultures  of  Bacillus 
coli  do  not  form  reducing  sugars  from  lichenin. 

In  connection  with  a  study  of  the  fresh  water  crayfish,  it 
was  observed  that  extracts  of  the  hepatopancreas  possessed 
marked  hydrolytic  properties  towards  solutions  of  lichenin,  and 
further  investigations  of  certain  other  invertebrates  disclosed  the 
existence  of  lichenase'  in  these  animals.  Accordingly,  a  system- 
atic search  for  the  presence  of  lichenase  in  the  alimentary  tract 
of  such  vertebrate  and  invertebrate  forms  as  were  available  was 
undertaken. 

The  lichenin  used  as  a  substrate  was  derived  from  three  sources: 
(1)  crude  extracts  of  Iceland  moss,  (2)  Uchenin  obtained  from 

*  A  preliminary  account  of  this  investigation  was  presented  before  the 
Society  for  Experimental  Biology  and  Medicine,  New  York,  Dec.  20,  1916. 
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a  chemical  supply  house,  and  (3)  lichenin  prepared  and  puri- 
fied in  this  laboratory  by  the  method  of  Berg  (4).  The  first 
preparation  was  used  only  in  comparison  with  one  of  the  other 
preparations.  Tests  for  isolichenin  made  on  the  other  two 
preparations  were  uniformly  negative  (color  with  iodine).  No 
differences  were  noted  in  these  two  preparations  when  used  as 
substrates  in  the  enzyme  experiments.  As  controls  of  the  activ- 
ity of  the  extracts  under  investigation,  freedom  from  bacterial 
decomposition,  etc:,  tests  were  also  carried  out  on  other  typical 
carbohydrates,  inulin,  raffinose,  sucrose,  and  starch,  for  the 
presence  of  other  enzymes.  In  view  of  the  widespread  distribu- 
tion of  amylase,  it  was  thought  that  the  absence  of  amylase 
would  be  indicative  of  loss  of  enzyme  activity  in  the  preparation 
of  the  extract.  As  an  additional  control,  the  tissue  extract  itself 
was  incubated  with  an  amoimt  of  water  equal  to  the  volume 
of  the  carbohydrate  solution  used.  This  was  done  in  order  to 
test  for  the  presence  of  any  i>olyBaccharide  (e.g.,  glycogen)  which 
might  be  present  in  the  tissue  and  yield  a  reducing  sugar  on 
autol3rsis.  Only  in  the  case  of  two  of  the  mollusks  studied  (Unto 
gibbo8U8  and  Lampsilis  luteola)  was  there  found  evidence  of  the 
presence  of  such  a  carbohydrate.  In  the  experiments  with  these 
species  comparative  tests  showed  the  presence  of  enzymes  which 
acted  upon  the  other  sugars  also.  Control  tests  with  boiled  ex- 
tracts were  also  made  in  each  case.  All  experiments  were  car- 
ried out  at  room  temperature,  at  about  21®C.  Toluene  was  used 
as  a  preservative.  0.5  per  cent  solutions  of  lichenin  and  1  per 
cent  solutions  of  the  other  carbohydrates  were  tested.  Tests  for 
reducing  sugars^  with  Fehling's  solution  were  made  after  1,  3, 
5,  and  7  days. 

The  hepatopancreas  was  chosen  for  investigation  in  most  of 
the  invertebrates  studied  (Nos.  4  to  18,  Table  I).  In  the  small 
animals  (1,  3,  20,  Table  I)  the  entire  organism  was  used,  while 
in  the  earthworm  and  grasshopper  the  entire  alimentary  canal 
was  removed  for  examination.  The  animals  were  killed  with 
ether,  the  tissues  removed  immediately,  wstshed,  and  ground  up 

^  In  a  number  of  experiments  the  reducing  sugar  was  further  identified 
by  the  formation  of  the  osazone.  An  osazone  crystallizing  from  the 
hot  solution,  and  identified  microscopically  as  glucosazone,  was  obtained 
from  the  tubes  showing  reduction,  but  never  from  the  control  tubes. 
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with  sand  and  water  in  a  mortar.  The  extracts  were  then  fil- 
tered through  cotton.  Extracts  of  the  organs  of  the  pig,  sheep, 
and  dog  could  not  be  made  until  from  12  to  24  hours  after  their 
removal  from  the  body. 

The  detailed  results  are  shown  in  the  tables.  An  enzyme 
capable  of  hydrolyzing  lichenin  with  the  formation  of  a  reducing 
sugar  w<i8  found  to  be  present  in  the  alimentary  system  of  each  of 
the  twenty  species  of  invertebrates  examined  {Table  /),  while  in  no 
case  was  such  an  enzyme  observed  in  the  alimentary  tract  of  the 
vertdyrates  under  investigation  {Table  II).  In  every  instance  the 
extracts  of  the  vertebrate  tissue  were  active,  as  evidenced  by 
their  strong  amylolytic  properties.  This  inactivity  of  extracts 
of  the  organs  of  the  vertebrate  alimentary  sjrstem  is  in  agree- 
ment with  the  limited  number  of  observations  of  earlier  investi- 
gators. Von  Tschermak  (5),  however,  has  reported  the  presence 
of  lichenase  in  the  pancreas  or  intestine  of  half  the  number  of 
normal  rabbits  examined  in  connection  with  his  studies  on  adapt- 
ation of  enzymes  to  diet.  Glycerol  extracts  of  the  organs  were 
used  and  the  fermentation  test  was  made  as  a  criterion  of  the 
absence  or  presence  of  a  monosaccharide  after  incubation  of  the 
extracts  of  the  tissue  with  the  lichenin.  Differences  in  tech- 
nique may  account  for  the  variations  between  his  work  and  that 
of  other  experimenters. 

That  lichenase  was  not  uniformly  distributed  throughout  the 
whole  invertebrate  organism  was  demonstrated  by  tests  carried 
out  on  the  extracts  of  the  muscle  tissue  of  the  crayfish  {Camr 
barus  virilis).  Repeated  examination  of  muscle  extracts  of  this 
species  gave  no  evidence  of  the  presence  of  lichenase,  although 
extracts  of  the  hepatopancreas  of  the  same  individuals  showed 
marked  action  on  lichenin.  It  has  been  suggested  by  von  Tscher- 
mak (5)  that  the  enzymes  for  the  hydrolysis  of  lichenin  and 
inulin  are  closely  associated  or  may  even  be  identical  (inulo- 
lichenase).  The  rnulase  of  Aspergillus  niger  is  also  able  to  effect 
the  hydrolysis  of  lichenin  (1).  In  the  present  series  of  experi- 
ments there  is  no  evidence  of  any  close  association  between 
inulase  and  lichenase.  While  lichenase  was  found  to  be  present 
in  the  alimentary  tract  of  twenty  different  species,  inulase  was 
observed  in  only  one  instance,  in  the  experiments  with  Lampsilis 
hUeda.    There  is  no  apparent  relationship  between  the  occur- 
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TABLE  I. 


Phylum. 

Spedes. 

Inulin. 

Uch- 
enin. 

RaflSn- 
oee. 

Sucrose. 

SURh. 

Porifera. 

1.  Marine  sponge  (?) 

-f- 

+ 

Annelida. 

2.  Earthworm  (Helo- 
drilut    ccdigino- 

8U8). 

-f-  + 

" 

-f- 

+++ 

« 

3.  Leech  (Dina  ap.  t). 

+ 

+++ 

Echinodennata. 

4.  Starfish    (Asterias 
ochracea),* 

— 

+  -f- 

+++ 

« 

5.  Starfish   (Asterias 
forhesi): 

— 

+  + 

— 

+++ 

++  + 

« 

6.  8ea  urchin  (Strcnv- 
gylocerUrotus 
tbrad>achiens%8). 

++ 

+++ 

+++ 

MoUusca. 

7.  Black  leather  chit- 
on     (KaUhctrina 
tunicata).* 

+ 

M 

8.  Giant  chiton  (Cryp- 
tochiton        8Ul' 
fen).* 

+  + 

" 

« 

9.  Mussel  (Unto  gib- 
bos^s). 

+  + 

++ 

« 

10.  Mussel        (Lamp- 
silis  luteola). 

+  (?) 

+  + 

+Cf) 

+4- 

++ 

« 

11.  Mussel      (Alasmi' 
donta        margi- 
nata). 

4-+ 

' 

+++ 

« 

12.  Snail.    (Planorbis 
trivolvis). 

— 

-f-++ 

— 

+++ 

+  +  + 

« 

13.  Snail    {Physa  gy- 
rina). 

++ 

+  +  + 

Arthropoda. 

14.  Crab    (Hemigrap- 
8U8  nudtia),* 

— . 

+  + 

+++ 

t( 

15.  Crab  (Cancer  pro- 
ductua)* 

— 

-f- 

+++ 

« 

16.  Mud  crayfish  (Upo- 
gebia      ap.  f).* 

— 

+-f- 

+++ 

« 

17.  Shrimp  (PandcUua 
ap.  t)* 

— 

++ 

++ 

tt 

18.  Fresh  water  cray- 

— 

++ 

++ 

+++ 

+  +  + 

fish     (Cambarua 

virilia). 

u 

19.  Grasshopper  (Me- 
lanopltis    differ^ 
entialia). 

+-!-+ 

+++ 

+++ 

+  +  + 

Protochordata. 

20.  Sea  squirt    (Cyn- 
thia 8p.  t). 

+ 

+ 

*  The  experiments  with  these  species  were  carried  out  during  the  sum- 
mer of  1916  at  the  Puget  Sound  Station,  Friday  Harbor,  Washington. 
Thymol  was  used  as  a  preservative  in  these  experiments  instead  of  toluene. 
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TABLE  II. 

Vertebrates  in  Which  the  Absence  of  Lichenase  Was  Uniformly  Demon- 
strated with  Organ  or  Tissue  Investigated, 


Claas. 

Species. 

Organ. 

Pisces. 

Gold  fish. 

Alimentary  canal. 

Amphibia. 

Frog  (adult  and  tadpole). 

u                          « 

Reptilia. 

Homed  toad.* 

«                    ft 

i< 

Garter  snake. 

it                    it 

« 

Turtle  (two  species). 

Pancreas,   upper  portion  of 
small  intestine. 

Aves. 

Domestic  fowl. 

«               «           tt 

Mammalia. 

Rabbit. 

tt               tt           tt 

« 

Pig. 

Pancreas. 

<i 

Sheep. 

Small  intestine. 

it 

Dog. 

Pancreas. 

it 

Man. 

Saliva. 

*  Obtained  through  the  courtesy  of  Professor  A.  O.  Weese,  of  the  Uni- 
versity of  New  Mexico. 

rence  of  these  two  enzymes  in  the  organism  of  the  invertebrates 
studied. 

One  other  point  in  connection  with  the  presence  of  enzjnnes 
other  than  lichenase  is  of  interest.  In  the  hepatopancreas  of 
the  two  chitons  (Nos.  7,  8,  Table  I)  sucrase  was  absent.  Since 
this  enzyme  is  so  widespread  in  its  distribution  examinations 
were  made  repeatedly  on  these  species  with  the  same  negative 
results  as  far  as  sucrase  was  concerned.  Of  the  sixteen  species  of 
invertebrates  examined  for  this  enz3rme,  these  were  the  only 
two  in  which  the  presence  of  sucrase  could  not  be  demonstrated. 

It  was  realized  that  with  the  preservative  used,  toluene,  bac- 
terial action  was  not  necessarily  completely  inhibited.  In  view, 
however,  of  the  uniformity  of  the  results,  positive  with  inverte- 
brates, and  negative  with  vertebrates,  hydrolysis  of  the  lichenin 
can  hardly  be  ascribed  to  the  action  of  the  bacteria,  since  if  bac- 
terial enzymes  are  concerned  there  is  no  reason  why  vertebrate 
extracts  should  not  be  contaminated  with  bacteria  as  frequently 
as  invertebrate  extracts.  Moreover,  it  would  be  diflScult  to 
understand  why  inulin  or  raffinose  should  not  be  attacked  as 
well  as  lichenin  since  many  strains  of  Bacillus  colt,  one  of  the  pre- 
vailing tjrpes  of  organisms  of  the  alimentary  tract,   ferment 
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rafl^ose  and  inulin  readily  (6).  Also  according  to  Saiki  (1), 
Bacillus  coll  does  not  attack  lichenin.  Ebcperiments  were  con- 
ducted to  determine  the  degree  of  bacterial  contamination  in 
the  experimental  tubes  in  which  toluene  was  present  as  a  preserva- 
tive. The  alimentary  canals  of  a  number  of  grasshoppers  were 
removed,  macerated,  and  tests  on  lichenin  made  as  before  with  the 
usual  controls.  After  24  hours,  reducing  sugar  was  present  in 
considerable  amounts.  A  bacteriological  examination  of  the 
contents  of  the  tubes  was  then  made.^  Agar  plates  showed 
four  to  eight  colonies  per  cc.  after  48  hours'  incubation  at  37®C. 
Plates  from  the  boiled  controls  gave  similar  results.  The  pre- 
vailing organism  was  a  long  spore-forming  bacillus  of  the  suhiHU 
group.  The  number  of  organisms  can  hardly  have  been  great 
enough  to  cause  the  strong  hydrolysis  observed,  especially  since 
the  unattacked  control  tubes  showed  equal  bacterial  contamina- 
tion. Extracts  of  the  alimentary  canal  of  grasshoppers  were 
also  thoroughly  mixed  with  chloroform  and  toluene  and  allowed 
to  stand  12  hours  with  frequent  shaking.  The  clear  extract 
removed  with  a  sterile  pipette  showed  marked  hydrolytic  action 
on  Hchenin. 

Chemical  studies  have  led  to  few  clear-cut  distinctions  between 
vertebrates  and  invertebrates.  That  a  line  of  demarcation  be- 
tween the  two  exists  in  a  diflference  in  the  creatine  metaboUsm 
seems  probable.  No  invertebrate  tissue  has  been  found  to  con- 
tain creatine,  while  from  the  muscle  of  the  lamprey-eel,  the  most 
primitive  vertebrate  examined,  creatine  was  easily  isolated  (7). 
The  results  of  the  present  study  on  a  limited  number  of  forms 
suggest  a  second  distinction  between  vertebrates  and  inverte- 
brates in  the  presence  of  Hchenase  in  the  alimentary  tract  of  the 
former.  It  is  hoped  that  examination  of  more  primitive  verte- 
brates and  higher  invertebrates  may  show  whether  this  differ- 
ence is  general  or  not. 

•  The  bacteriological  examinations  were  carried  out  by  Dr.  J.  A.  Sperry, 
of  the  Department  of  Bacteriology,  to  whom  we  take  this  opportunity  of 
expressing  our  indebtedness  for  his  cooperation. 
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THE  AMOUNT  AND  THE  DISTRIBUTION    OF   CREATI- 
NINE AND  CREATINE  IN  NORMAL  HUMAN  BLOOD. 

Bt  ANDREW  HUNTER  and  WALTER  R.  CAMPBELL. 

{From  the  Department  of  Pathological  Chemistry ^  University  of  Toronto.) 

(Received  for  publication,  November  17,  1917.) 

Of  the  non-protein  constituents  of  blood,  some,  such  as  potas- 
sium,^ phosphoric  acid,***  lecithin,'  free  cholesterol**  *••  and 
amino-acids,^*  ^«  ■  are  localized  to  a  greater  or  smaller  extent 
within  the  corpuscles;  some,  such  as  sodium,*  calcium,*  chlorine,* 
cholesterol  esters,*  glucose,*  and  adrenalin,*®  are  more  abundant 
in,  or  even  entirely  confined  to  the  plasma;  some,  finally,  with 
lU'ea^*  **  as  their  most  conspicuous  known  representative,  maia- 
tain  a  practically  equal  concentration  id  both.  There  are  few 
important  constituents  of  which  the  relative  concentration  in 

.  ^  Abderhalden,  £.,  Lefirbuch  der  Physiologischen  Chemie,  Berlin  and 
Vienna,  1906,  591-693. 

»  Porte,  A.,  Compt,  rend,  Soc.  biol,,  1914,  Ixxvii,  467. 
»  Bloor,  W.  R.,  /.  Biol  Chem,,  1916,  xxv,  577. 

*  Hepner,  E.,  Arch,  ges,  Physiol,  y  1898-99,  Ixxiii,  595. 

»  Bloor,  W.  R.,  and  Knudson,  A.,  J.  Biol.  Chem.y  1917,  xxix,  7. 

•  Bang,  I.,  Biochem.  Z.,  1915,  Ixxii,  104;  1916,  Ixxiv,  294. 
7  Bock,  J.  C,  J.  Biol.  Chem.,  1917,  xxix,  191. 

•  Wilson,  D.  W.,  and  Adolph,  E.  F.,  J.  Biol.  Chem.,  1917,  xxix,  405. 

*  Macleod,  J.  J.  R.,  Diabetes;  Its  Pathological  Physiology,  London, 
1913,  31.  The  distribution  of  glucose  in  the  blood  is,  however,  still  the 
subject  of  debate.  Quite  recently  Gradwohl  and  Blaivas  (J.  Lab.  and 
Clin,  Med.,  1916-17,  ii,  416),  using  the  method  of  Lewis  and  Benedict, 
found  the  sugar  content  of  the  corpuscles  in  man  to  be  nearly  always 
the  same  as  that  of  the  plasma. 

»«  Stewart,  G.  N.,  and  Rogoflf,  J.  M.,  Proc.  Soc.  Exp.  Biol,  and  Med., 
1916-17,  xiv,  79. 

•  "  Marshall,  E.  K.,  and  Davis,  D.  M.,  /.  Biol.  Chem.,  1914,  xviii,  53. 
Karr,  W.  G.,  and  Lewis,  H.  B.,  J.  Am.  Chem.  Soc.,  1916,  xxxviii,  1615. 
In  fish  blood  urea  is  chiefly  localized  in  the  corpuscles;  see  Wilson  and 
Adolph." 


Digitized  by 


Google 


170  Creatinine  and  Creatine  in  Blood 

corpuscles  and  plasma  is  unknown;  but  to  this  category  belonged 
until  quite  recently  creatinine  and  creatine. 

The  distribution  of  materials  within  the  blood  is  not  only  a 
matter  of  considerable  interest  in  itself;  it  possesses  an  obvious 
bearing  upon  many  questions  of  much  wider  import.  In  the 
transport  of  materials  to  and  from  the  tossues  every  element  of  . 
the  blood  may  play  a  part;  but  their  actual  passage  into  or  out  of 
the  circulation  can  be  effected  only  through  the  plasma.  Proc- 
esses like  absorption,  or  excretion,  or  placental  transmission 
may  therefore  raise  problems  for  the  solution  of  which  a  knowl- 
edge of  concentrations  in  the  blood  as  a  whole  is  insufficient, 
and  the  'determination  of  plasma  concentrations,  which  may  be 
very  different,  becomes  a  prime  necessity.  Creatinine  and  crea- 
tine, in  what  is  already  known  of  their  behavior  under  ph3r8io- 
logical  and  pathological  conditions,  present  a  number  of  problems 
of  this  description. 

For  instance,  although  creatinine  is  being  constantly  excreted 
by  the  kidney,  the  laws  which  regulate  its  passage  through  that 
organ  are  imknown;  any  attempt  to  formulate  them  presupposes 
an  acquaintance  with  the  variations  of  the  plasma  creatinine, 
which  may  or  may  not  parallel  those  of  the  creatinine  of  the  entire 
blood.  Creatine,  on  the  other  hand,  in  spite  of  the  fact  that  its 
concentration  in  the  blood  is  greater  than  that  of  creatinine,  is 
usually  absent  from  the  urine  of  the  male  adult;  but  we  do  not 
know  whether  this  is  because  it  is  localized  exclusively  in  the 
corpuscles,  or  because  its  elimination,  like  that  of  glucose  and 
chlorides,  is  dependent  upon  the  crossing  of  a  certain  threshold  of 
concentration  in  the  plasma.  The  doubt  could  be  resolved,  and 
fresh  light  might  be  thrown  upon  the  occasional  occurrence  of 
creatinuria,  if  we  had  precise  information  r^a^ding  the  actual 
distribution  of  creatine  in  the  blood.  During  pregnancy,  to  take 
a  problem  from  another  field,  creatinine  and  creatine  are  foimd  in 
the  fetal  as  well  as  the  maternal  blood;  and  it  is  natural  to  in- 
quire to  what  extent  and  in  what  manner  these  substances  share 
in  the  transfer  of  materials  from  one  circulation  to  another  across 
the  placenta.  Obviously  the  question  demands  for  its  answer  a 
knowledge  of  their  concentrations  in  the  respective  plasmas. 
Even  in  pathological  conditions  a  study  of  the  relations  xrndcit 
discussion  might  well  reveal  something  of  interest.     The  accu- 
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mulation  of  creatinine  in  the  blood  has  shown  itself  to  be  a  use- 
ful index  o^  renal  insuflSciency ;  but  we  are  as  yet  unaware  whether 
the  excess  prjesent  in  the  circulation  of  a  nephritic  permeates  all 
the  elements  of  the  blood,  or  accumulates  in  the  plasma  alone. 
If  the  latter  alternative  should  prove  to  be  correct,  the  varia- 
tions of  the  plasma  creatinine  in  kidney  disease  would  be  even 
more  striking  than  those  of  the  whole  blood  creatinine,  and  would 
form  a  still  more  delicate  index  of  the  organ's  capacity  to  excrete. 
A  separate  study  of  plasma  and  whole  blood  creatinine  and 
creatine  in  different  pathological  conditions  might  even  reveal 
significant  variations  in  the  permeability  of  the  corpuscles  for 
these  substances. 

It  wa3  with  these  considerations  in  mind  that  we  undertook 
recently  to  add  creatinine  and  creatine  to  the  list  of  blood  con- 
stituents with  more  or  less  definitely  established  distribution. 

In  a  preliminary  communication,^^  in  which  each  aspect  of 
our  interest  in  the  problem  was  distinctly  indicated,  we  have 
already  presented  an  abstract  of  our  earliest  results.  This  con- 
stituted, as  far  as  we  have  been  able  to  discover,  the  first  pub- 
lished contribution  to  the  subject  in  relation  to  human,  or  in- 
deed mammalian  blood;  although  some  data  upon  the  distribu- 
tion of  creatinine  and  creatine  in  fish  blood  Vere  simultaneously 
communicated  by  Wilson  and  Adolph.*  Among  the  conclusions 
which  we  thought  to  be  justified  by  our  observations  the  chief 
was  that  both  in  creatinine  and  in  creatine  the  corpuscles  are 
xinder  nearly  all  conditions  richer  than  the  plasma.  So  long  as 
the  reliability  of  our  methods  was  taken  for  granted  no  other  con- 
clusion was  possible.  A  continuation  of  the  work  along  the  origi- 
nal lines  did  nothing  to  modify  the  general  tendency  of  our 
analytical  results,  but  it  gradually  engendered  doubts  concerning 
their  real  significance.  These  doubts  were  not  a  little  accentu- 
ated by  the  work  of  Wilson  and  Plass,^'  who,  dealing  a  little 
later  with  the  problems  upon  which  we  were  engaged,  confirmed 
in  a  general  way  our,  view  regarding  the  distribution  in  human 
blood  of  creatine,  but  upon  that  of  creatinine  reached  a  different 

"  Hunter,  A.,  and  Campbell,  W.  R.,  /.  Biol,  Chem.f  1917,  xxix,  p. 
xviii. 

»>  Wilson.  D.  W.,  and  Plass,  E.  D.,  J.  Biol.  Chem.,  1917,  xxix,  413. 
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conclusion.  We  therefore  deemed  it  necessary,  before  publishing 
a  fuller  account  of  our  work,  to  satisfy  ourselves  upon  the  pre- 
cise value  of  the  analjrtical  methods  which  we  had  employed. 
The  issue  of  this  incidental,  but  necessary  inquiry,  the  details 
of  which  have  been  recorded  in  another  paper,"  was  such  as  to 
necessitate  a  revision  of  some  of  oiu*  original  conclusions.  Dur- 
ing its  progress  we  cohfined  oiu*  attention,  in  the  accumulation  of 
additional  data,  ahnost  entirely  to  the  fundamental  points  of  the 
amoimt  and  the  distribution  of  creatinine  and  creatine  in  nor- 
mal human  blood.  It  is  to  the  results  bearing  upon  these  points, 
and  to  the  interpretation  of  them  which  now  appears  to  us  the 
most  plausible,  thajb  the  present  paper  is  principally  devoted. 
Other  problems,  such  as  the  relation  of  blood  creatine  to  creatinuria, 
are  touched  upon  only  in  so  far  as  incidental  observations  o£fer 
occasion.  It  is  hoped  that  the  opportunity  may  yet  arise  to 
carry  the  inquiry  further  along  each  of  the  lines  we  have  proposed. 

Subjects. 

The  blood  specimens,  which  for  our  present  piu'pose  were 
assumed  to  be  normal,  numbered  60,  and  were  derived  from  56 
individuals,  who  fail  into  three  main  groups.  The  first.  Group 
I,  consists  of  26  male  students  and  instructors,  all,  as  far  as 
could  be  judged,  in  perfect  health;  2  of  these  provided  three 
specimens  each  of  blood  so  that  the  total  number  of  anal3nse6 
performed  within  this  group  was  30.  The  second.  Group  II, 
includes  20  hospital  patients,  male  -and  female,  mostly  conva- 
lescent after  childbirth  or  purely  surgical  complaints,  a^id  all 
free,  as  far  as  known,  from  organic  disease.  This  group  is  di- 
vided into  two  subgroups;  but  the  distinction  between  them  is 
one  of  date  only.  Group  II  A  having  been  studied  several  months 
earlier  than  II  B.  The  final  group.  Group  III,  is  formed  by  10 
healthy  women  in  a  late  stage  of  pregnancy,  of  whom  1  only  was 
as  yet  confined  to  bed. 

No  subject  has  been  admitted  to  any  of  these  groups  in  whom  a 
routine  examination  revealed  evidence  of  organic  disease.  In 
this  respect  all  equally  were  normal  individuals;  but  of  oourse 

^*  Hunter  and  Campbell,  /.  Biol.  Chem.f  1917,  xxxii,  195. 
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the  figures  yielded  by  Group  I  possess  a  rather  better  claim  than 
the  others  to  be  regarded  as  standards.  The  patients  of  Group 
II  were  not  exactly  in  the  best  physical  condition,  nor  were  they 
living  under  altogether  normal  circumstances;  while,  with  ref- 
erence to  Group  III,  we  cannot  at  present  be  certain  that  even  a 
normal  pregnancy  is  entirely  without  effect  upon  the  relations 
we  are  studying.  The  evidence  furnished  by  Groups  II  and  III 
is  therefore  to  be  taken  as  suggestive  or  confirmatory  rather 
than  conclusive  in  itself. 

Methods. 

The  blood  was  taken  from  a  superficial  arm  vein  by  means  of 
a  syringe,  and  its  coagulation  was  prevented  by  the  prompt 
addition  of  20rper  cent  potassium  oxalate  in  as  nearly  as  possible 
the  proportions  prescribed  by  Folin.^*  The  pla3ma  was  imme- 
diately separated  from  a  portion  by  centrifugation.  While  this 
was  being  done,  the  subject  was  usually  required  to  provide  a 
specimen  of  urine.  The  analjrses  planned  were  then  carried  out 
with  the  briefest  possible  delay.  They  included  the  determi- 
nation of  total  and  preformed  creatinine  in  whole  blood,  plasma, 
and  urine,  together  with  the  estimation,  by  means  of  the  simplified 
hematocrit  of  Epstein,^*  of  the  relative  plasma  volume  in  the 
oxalated  blood."  For  the  creatinine  and  creatine  determinations 
in  blood  and  plasma  we  employed  the  methods  of  Folin,^*  although 
the  technique  followed  was  not  always  precisely  the  same.  Thus 
in  many  of  our  earlier  observations  we  followed  the  directions  of 
Myers  and  Fine^*  in  laking  the  blood  before  saturating  it  with 
picric  acid;  and  in  our  creatine  determinations  we  did  not  take 
the  precaution,  which  we  have  Jately^^  found  tp  be  desirable,  of 
so  diluting  blood  and  plasma  in  every  case  that  the  same  standard 
could  be  employed  throughout  the  series.    In   one  respect  at 

»» Folin,  0.,  /.  Biol,  Chem,,  1914,  xvii,  475. 

"Epstein,  A.  A.,  J.  Lab.  and  Clin.  Med.,  1915-16,  i,  610. 

^^  In  many  cases,  but  not  all,  we  had  sufficient  blood  to  determine 
also  the  total  non-protein  nitrogen.  It  seemed  hardly  worth  while  to 
report  individually  the  scattered  results  thus  obtained.  It  may  be  stated 
that  they  ranged  from  29  to  40  mg.  per  100  cc,  and  that,  as  far  as  they 
went,  they  revealed  no  constant  relation  to  the  data  for  creatinine. 

»•  Myers,  V.  C,  and  Fine,  M.  S.,  Chemical  Composition  of  the  Blood 
in  Health  and  Disease,  Cooperstown,  N.  Y.,  1916,  19. 
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least  our  practice  was  absolutely  uniform;  the  creatinine  value 
of  each  color  reaction  was  obtained  by  reference  to  the  standard 
curves  which  we  have  recently  described."  For  the  detennination 
of  creatinine  and  creatine  in  urine  we  usually  employed  the 
macro  method,  in  which  case  the  conversion  of  creatine  was 
accomplished  by  the  procedure  of  Benedict.^®  In  a  few  instances 
we  utilized  the  micro  method  of  Folin.^^  The  chief  purpose  of  the 
urine  ana;iysiB  was  the  detection  and  measurement  of  the  creatine. 
The  creatinine  results,  which  have  yielded  little  of  value  in 
themselves,  are  recorded  chiefly  for  the  sake  of  completeness. 

The  urine  specimens  were  subjected  also  to  a  routine  qualita- 
tive examination. 

Results. 

• 

The  analytical  results  are  shown  in  Table  I.--  They  are 
divided  into  the  groups  and  subgroups  already  mentioned,  and 
are  arranged  within  each  group  so  as  to  present  an  ascending 
scale  of  plasma  creatinine.  Certain  other  ways  of  arranging 
the  results  illustrative  of  special  points  discussed  in  the  text 
are  employed  in  the  general  averages  at  the  end  of  the  table. 
The  corrections  introduced  into  the  table  are  made,  as  explained 
later,  on  the  basis  of  conclusions  reached  in  our  critical  exami- 
nation of  the  methods."  The  few  figures  given  for  creatine  of 
the  corpuscles  are  calculated  from  the  whole  blood  and  plasma 
creatine  in  conjunction  with  the  relative  plasma  volume. 

DISCUSSION  OF  RESULTS. 

It  has  been  shown"  that  of  the  four  creatinine  determinations 
required  in  the  complete  analysis  of  blood  that  of  the  preformed 
creatinine  of  plasma  has  the  best  claim  to  accuracy.  It  is  for 
this  reason  that  we  selected  the  plasma  creatinine  to  determine 
the  arrangement  of  our  results;  and  for  the  same  reason  we  shall 
discuss  its  variutions  before  attempting  to  estimate  the  signifi- 
cance of  our  other  data. 

»•  Hunter  and  Campbell,  J,  Biol.  Chem.,  1916-17,  xxviii,  335. 

*»  Benedict,  S.  R.,  J,  Biol.  Chem.,  1914,  xviii,  191. 

"  Folin,  /.  Biol.  Chem.,  1914,  xvii,  469. 

"  Many  of  them  are  taken  from  the  thesis  submitted  by  W.  R.  Camp- 
bell in  partial  fulfillment  of  the  requirements  for  the  degree  of  M.D., 
University  of  Toronto,  1917. 
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Plasma  Creatinine. 

In  our  preliminary  communication*^  ^^  stated  that  the  plasma 
creatinine  of  normal  individuals  is  always  less  than  1.0  mg.  per 
100  cc.  This  opinion  was  based  on  the  nine  results  which  con- 
stitute Group  II  A  of  the  larger  series  here  presented.  It  is  now 
apparent  that  these  results  were  by  no  means  completely  repre- 
sentative. The  figures  of  Group  I  show  that  at  least  for  healthy 
and  active  males  the  ordinary  level  of  the  plasma  creatinine  is 
somewhat  higher  than  our  early  estimates.  Of  the  30  results 
within  that  group  no  more  than  8  are  below  1.0  mg.  A  majority 
(17)  are  included  by  the  values  1.1  and  1.2.  The  lowest  is  0.80, 
the  highest  1.3.  The  average  of  the  whole  group  is  1.09,  or  in 
roimd  figures  1.1.  These  data  are  furnished  by  a  number  of 
separate  individuals  (26)  suflSciently  large  to  make  them  fairly 
representative  of  their  class. 

When  it  was  foimd  that  Group  I,  our  second  .series  in  point 
of  time,  gave  generally  higher  values  than  Group  II  A,  our  first, 
we  were  inclined  for  a  little  to  question  the  correctness  of  the 
earlier  analyses.  We  therefore,  by  way  of  control,  supple- 
mented these  at  a  considerably  later  date  by  a  further  series  of 
eleven  determinations  upon  strictly  comparable  material.  The 
results,  constituting  Group  II  B,  do  not  differ  in  any  essential 
respect  from  those  of  Group  II  A.  One,  it  is  true,  shows  a  value 
as  high  as  any  foimd  even  in  Group  I;  but  of  the  remainder  none 
exceeds  1.0  mg.,  and  eight  are  below  it.  The  results  in  the  two 
subgroups  therefore  mutually  confirm  one  another,  and  form 
together  a  sufficiently  concordant  single  series.  Taking  them  as 
such  we  find  that  the  plasma  creatinine  of  Group  II  ranges  from 
0.70^*  to  1.3,  or,  neglecting  the  last  as  a  distinctly  aberrant 
value,  to  1.0.    The  average  of  all  is  0.89,  or,  if  we  again  exclude 

*•  We  have  m  our  records  one  case  only  where  the  plasma  creatinine 
appeared  to  be  lower  even  than  the  minimum  here  reported.  It  was 
that  of  a  female  patient  without  known  organic  disease,  supposed  to  be 
fluffering  from  hysteria,  who  might  fairly  enough  have  been  included 
in  Group  II.  Her  plasma  creatinine  was  0.68.  This  value  remained 
80  unique  that,  lacking  opportunity  to  confirm  it,  we  have  hesitated  to 
place  confidence  in  the  correctness  of  the  analysis,  and  have  therefore 
omitted  it  from  the  table. 
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the  maximum  from  the  calculation,  0.86.  It  is  clear  that  the 
hospital  imnates  selected  as  nonnal  individuals  presented  in  gen- 
eral an  unmistakably  lower  level  of  plasma  creatinine  than  the 
active  male  students. 

With  respect  to  the  cause  or  causes  of  this  difference  we  can 
only  speculate.  Group  II,  imlike  Group  I,  included  a  consider- 
able proportion  of  females.  Several  of  its  members  showed  an 
abnormally  high  relative  plasma  volume,  possibly  indicative  of  a 
certain  degree  of  dilution  of  the  blood.  Three-fourths  of  them 
were  confined  to  bed,  and  the  others  were  at  least  leading  a 
sedentary  existence.  All,  it  is  safe  to  assimie,  were  eating  less 
than  the  more  actively  employed  members  of  Group  I,  and  some, 
it  is  known,  were  on  a  very  restricted  diet.  It  is  not  yet  possible 
to  decide  what  actual  influence  any  or  all  of  these  circumstances 
may  have  exerted  upon  the  plasma  creatinine  of  the  group  as  a 
whole.  Certainly  neither  the  first  mentioned  nor  the  second 
will  wholly  explain  its  relative  lowness.  For,  while  it  is  true 
that  the  average  for  the  females  of  the  group  is  lower  than  that 
for  the  males,  and  even  that  within  each  subgroup  the  maxi- 
mum for  wpmen  is  lower  than  the  minimum  for  men,  yet  the 
males,  considered  apart,  still  yield  distinctly  less  creatinine  than 
those  of  Group  I;  and,  although  dilution  of  the  plasma  doubtless 
may  diminish  its  creatinine  concentration,  there  is  evidence  on 
the  one  hand  (Cases  58,  59,  60)  that  it  does  not  always  do  so, 
and  on  the  other  (Cases  3,  5,  36)  that  a  plasma  creatinine  below 
the  average  may  be  encountered  in  blood  which  is  the  reverse  of 
hydremic.  Of  the  other  two  possible  factors  suggested,  low 
diet  and  enforced  inactivity,  the  latter  is  the  one  which  seems 
the  more  Ukely  to  be  of  general  importance;  for  the  production 
of  creatinine  within  the  body  is  independent  of  the  diet  but 
intimately  related  to  the  condition  of  the  muscular  tissues." 
It  may  well  be  assumed  that  few,  if  any,  of  our  hospital  sub- 
jects maintained  themselves,  while  confined  to  bed,  upon  the 
same  plane  of  muscular  eflSciency  as  the  members  of  Group  I. 
Provisionally  therefore  we  are  inclined  to  ascrijbe  the  low  plasma 
creatinines  of  Group  II  partly  to  the  female  sex  of  some  of  its 
members,  but  largely  to  lack  of  exercise  in  its  effect  upon  inus- 

•*  Shaffer,  P.  A.,  Am.  J.  Physiol.^  1908-09,  xxiii,  1. 
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cular  tone.  If  the  associations  thus  suggested  are  correct,  a 
low  plasma  creatinine  would  be  characteristic  of  such  cases  as 
might  be  expected  to  have  a  low  creatinine  coeflScient;  and  it 
is  of  seme  interest  that  according  to  ShaflFer'^  there  is  found  under 
similar  conditions  a  smaller  concentration  than  usual  of  creat- 
inine in  the  muscles  also.  The  possible  influence  of  prolonged  in- 
action upon  the  plasma  creatinine  could  obviously  be  put  to 
experimental  proof;  and  a  further  examination  of  the  question 
is  accordingly  in  contemplation.  Meanwhile  it  may  be  of 
practical  clinical  importance  to  note  that  a  plasma  creatinine 
of  1.2  mg.,  which  would  be  perfectly  normal  in  an  active  sub- 
ject, aheady  verges  upon  the  pathological  for  one  who  is  resting 
in  bed. 

The  idea,  suggested  by  the  results  within  Group  II,  that  fe- 
males have  naturally  a  lower  plasma  creatinine  than  males, 
receives  additional  support  from  the  data  furnished  by  the  sub- 
jects of  Group  III.  These,  as  already  stated,  were  all  females,  in 
whom  pregnancy  constituted  the  only  deviation  from  normality. 
The  ten  plasmas  included  in  this  group  contained  amounts  of 
creatinine  ranging  from  0.71  to  1.2,  seven  of  them  falling  below 
1.0  mg.,  and  the  average  of  all  reaching  only  0.92.  These  fig- 
ures certainly  occupy  a  lower  general  level  than  thos^of  Group 
I,  with  their  minimum  of  0.80  and  their  average  of  1.1.  It 
may,  of  course,  be  objected,  that  women  advanced  in  pregnancy, 
even  if  they  are  still  taking  a  certain  amoimt  of  exercise,  can 
hardly  be  regarded  as  physiologically  comparable  with  active 
young  men.  The  comparison,  at  the  end  of  Table  I,  of  the 
general  average  for  all  males  (1.04)  with  that  for  all  females  (0.87) 
has  to  be  regarded  with  similar  reserve.  It  is  really  only  within 
Group  II  that  difference  of  sex  is  not  obviously  complicated  by 
some  other  circumstance  of  possible  consequence.  We  are 
therefore  not  yet  prepared  to  state  with  conviction,  although  we 
regard  it  as  exceedingly  probable,  that  the  sex  effect  indicated 
by  our  figures  has  an  existence  independent  of  all  other  factors. 
To  determine  finally  its  actual  importance,  it  would  be  necessary 
to  possess  for  comparison  with  the  data  of  Group  I  a  series  of 
observations  upon  active  and  healthy  young  women;  unfortu- 

"  Shaflfer,  /.  Biol,  Chem,,  1914,  xviii,  625. 
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nately  the  opportunity  of  collecting  such  a  series  has  not  yet 
arisen.** 

There  is  no  evidence  in  any  of  the  groups  that  the  variations 
of  the  plasma  creatinine  are  definitely  related  to  the  age  of  the 
subject,  at  any  rate  within  the  limits  of  12  to  55  years. 

Creatinine  of  Whole  Blood  and  Its  Distnbutum. 

In  each  of  the  60  pairs  of  preformed  creatinine  determinations 
included  in  the  table  the  whole  blood  yielded  a  higher  value  than 
the  plasma.  As  far,  therefore,  as  the  immediate  outcome  of  the 
analysis  is  concerned,  our  original  report"  receives  here  the  fuDest 
corroboration.  If  the  colorimetric  method  were  of  the  same  ac- 
curacy in  blood  as  in  plasma,  it  would  follow  at  once  that,  as  we 
formerly  announced,  the  creatinine  of  the  blood  is  chiefly  concen- 
trated in  the  corpuscles.  Unfortunately  the  condition  of  equal 
accuracy  is  not  fulfilled.  We  have  recently,"  on  a  careful  ex- 
amination of  the  method,  convinced  ourselves  that,  as  Wilson  and 
Plass^*  had  already  assumed,  the  values  reported  for  whole  blood 
are  an  exaggeration  of  the  truth.  The  extent  of  the  exaggeration 
we  found  to  vary  with  the  individual  instance  and  the  particular 
technique  employed.  With  the  original  technique  of  Folin," 
modified  only  by  the  use  of  standard  curves^*  in  the  interpretation 
of  the  colorimeter  readings,  the  error,  as  we  estimated  it,  amounts 
on  the  average  to  about  50  per  cent  of  the  quantity  actually  pres- 
ent. While  therefore  it  is  not  possible  to  apply  to  each  of  the 
single  determinations  in  our  table  a  uniform  correction,  we  are 
in  a  position  to  correct  the  average  of  any  group  of  determina- 
tions in  which  the  blood  was  not  laked.  Two  such  averages 
appear  in  Table  I;  one  is  that  of  17  out  of  the  30  results  in  Group 
I^  the  other  that  of  27  (including  the  above  17)  out  of  the  total 
60.  The  two  averages  are  practically  identical  (1.57  and  1.58). 
If  these  are  50  per  cent  in  excess  of  the  true  average,  the  latter 
will  be  found  by  deducting  from  each  one-third.  This  gives  a 
corrected  average  of  1.05  for  both  cases. 

"  Plass  {Bull.  Johns  Hopkins  Hosp.,  1917,  xxviii,  137)  states  that  the 
serum  creatinine  of  women  in  pirturition  is  the  same  as  that  of  normal 
non-pregnant  women,  which  again  is  somewhat  lower  than  in  normal 
men;  but  detailed  data  in  support  of  those  statements  are  not  presented. 
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A  comparison  of  this  corrected  average  with  tjie  averages  for 
the  two  corresponding  groups  of  plasmas  (1.09  and  1.03)  shows 
that  the  difference  in  the  creatinine  content  of  whole  blood  and 
plasma  is  in  reality  practically  negligible.  It  is,  of  course,  not 
possible  to  say  that  there  may  not  be  in  individual  specimens  a 
slight  excess  of  creatinine  in  corpuscles  or  in  plasma;  but  the 
conclusion  tp  which  the  twenty-seven  results  considered  indubitably 
appear  to  point  is  that  in  general  the  creatinine  of  normal  human 
blood  is  distributed  among  its  different  elernerds  at  a  practically 
uniform  concentration.  Our  previously  expressed  opinion  upon 
the  point  is  therefore  abandoned,  and  the  contention  of  Wilson 
and  Plass  sustained. 

Lacking  quantitative  data  ujwn  the  average  error  of  the 
Myers'  technique,  we  are  unable  to  apply  any  appropriate 
correction  to  results  obtained  upon  blood  which  had  been  laked. 
Those  figures,  therefore,  which  are  in  parentheses  in  the  table,  can- 
not be  utilized  in  the  present  argument.  It  will  be  noticed 
that  the  disproportion  between  them  and  the  corresponding  plasma 
results  is  in  general  greater  than  in  the  case  of  unlaked  blood. 
Thus,  the  average  for  all  60  bloods,  including  as  it  does  33  which 
were  laked,  is  not  50  but  75  per  cent  higher  than  the  plasma 
average;  and  in  individual  cases,  especially,  it  would  seem,  among 
puerperal  women,  laked  blood  appears  to  have  twice  or  even 
thrice  as  much  creatinine  as  its  plasma.  All  this  is  in  accord  with 
our  previous  observations,  and  those  of  Wilson  and  Plass,  upon 
the  excessive  tendency  of  the  Myers'  procedure  to  exaggerate  the 
whole  blood  creatinine.  It  may  be  remarked,  though,  that  this 
tendency  is  much  less  obvious  in  the  strictly  normal  cases  of 
Group  I  than  in  either  of  the  other  groups. 

The  conclusion  that  the  creatinine  content  of  blood  is  in 
reality  the  same  as  that  of  its  plasma  has  an  obvious  bearing 
upon  the  question  of  the  normal  limits  within  which  the  whole 
blood  creatinine  may  range.  According  to  Folin  and  Denis^' 
these  are  1.0  to  1.4  mg.  per  100  cc;  according  to  Myers  and 
Fine,^*  1.0  to  2.0.  With  such  estimates  as  these  our  own  imcor- 
rected  results  with  whole  blood  are  in  substantial  agreement. 

"  Folin,  0.,  and  Denis,  W.,  /.  Biol.  Chem.,  1914,  xvii,  487. 
"  Myers  and  Fine,  Post-Graduate,  1915,  xxx,  39. 
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Our  minimum  is  1.1,  our  maximum  2.8;  if  results  in  puerperal 
women,  which  appear  to  be  aberrant,  are  excluded,  our  maximum 
is  reduced  to  2.4,  or,  if  we  further  limit  the  record  to  analyses  of 
imlaked  blood,  to  2.1.  Now,  if  it  is  granted  that  creatinine  is 
uniformly  distributed  throughout  the  blood,  the  correct  cre- 
atinine content  of  the  latter  will  be  giVfen  not  by  the  figures  just 
quoted,  which  we  believe  to  exceed  the  truth,  but  by  those  for 
plasma,  which  we  have  shown"  to  be  substantially  free  from 
error.  On  that  basis  the  normal  range  of  blood  creatinine  is 
found  to  be  0.70  to  1.3,  with  an  average  of  practically  1  mg.  This 
range  is  all  but  identical  with  that  which  may  be  found  among 
results  for  human  plasma  reported  by  Plass*  and  by  Wilson 
and  Plass.**  It  indicates  for  the  true  creatinme  content  of  blood 
a  somewhat  lower  general  level  than  the  figures  of  Myers  and 
Fine  or  even  of  Folin  and  Denis.  It  remains,  nevertheless,  of  the 
same  order  of  magnitude  as  these,  and  is  very  far  from  ap- 
proaching the  extraordinarily  low  estimate  of  Gettler  and  Baker.*' 
These  authors  found  that  out  of  30  bloods  26  contained  only  0.1 
mg.  or  less  of  creatinine  per  100  cc;  and  Gettler,*®  in  a  subse- 
quent analysis  of  11  other  specimens,  indicates  0.5  as  the  upper 
limit  of  normaUty,  and  reports  only  5  as  having  more  than  0.1. 
For  such  results  as  these  we  have  failed  to  find  either  confir- 
mation or  explanation.  The  work  of  Gettler  may  be  admitted  to 
prove  (see  his  Experiment  V'®)  that  the  limits  of  1.0  to  1.4,  as 
found  by  Folin  and  Denis,  should  be  corrected  to  0.95  to  1.7; 
but  that  will  hardly  serve  to  explain  how  Gettler  and  Baker  ob- 
tain values  as  low  as  0.1. 

Relation  between  Plasma  and  Urinary  Creatinine, 

The  determination  of  urinary  creatinine  was  undertaken  simply 
as  a  step  in  the  detectio'n  and  estimation  of  creatine,  and  not 
with  any  deliberate  intention  of  studying  the  laws  r^ulating  its 
own  passage  through  the  kidney.  Any  such  purpose  would  have 
necessitated  the  taking  of  many  precautions  which  for  the  present 
were  neglected.    It  did,  nevertheless,  seem  possible  that  even 

"  Gettler,  A.  O.,  and  Baker,  W.,  J.  Biol.  Chem.,  1916,  xxv,  211. 
»«  Gettler,  A.  O.,  J.  Biol,  Chem.,  1917,  xxix,  47. 
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the  haphazard  procedure  followed  might  reveal  some  rough  re- 
lationship between  the  plasma  and  the  urinary  concentrations  of 
creatinine.  As  far  as  comparison  of  the  two  in  individual  cases 
goes,  no  indication  whatever  of  any  such  relationship  can  be 
detected.  On  the  other  hand,  when  regard  is  paid  only  to  the 
various  averages  scattered  through  Table  I,  a  certain  degree 
of  correspondence  becomes  apparent.  Indeed,  if  one  limits  the 
attention  to  the  averages  in  which  the  number  of  urines  concerned 
is  more  than  ten,  the  correspondence  becomes  a  fairly  close 
one.  The  averages  in  question  are  for  plasma  U.87,  0.89,  0.99, 
1.03,  1.04,  1.09,  and  for  urine  95,  124,  141,  166,  157,  163.  It 
seems  probable,  therefore,  that  the  plasma  concent]:ation  is  at 
least  one  among  the  many  factors  upon  which  the  concentration 
of  creatinine  in  the  mine  must  depend. 

The  DistribiUion  of  Creatine  in  Blood. 

The  greater  number  of  our  creatine  determinations  had  been 
already  carried  out,  before  it  became  obvious,  through  the  work 
of  Wilson  and  Plass,"  Greenwald,'^  and  ourselves,^*  that  the 
method  employed,  which  in  the  beginning  was  the  only  one  avail- 
able, fell  more  than  a  Uttle  short  of  the  accuracy  necessary  to 
our  purpose.  It  seemed  then  best,  instead  of  turning  to  other 
methods  of  as  yet  unproved  reliability,  to  complete  the  series  as 
it  had  been  commenced,  and  to  hope  that,  when  due  allowance 
had  been  made  for  the  errors  incurred,  the  results  might  prove  to 
be  not  altogether  without  significance.  The  hope  has  been,  we 
think,  to  a  certain  extent  reaUzed.  At  the  same  time  we  cannot, 
for  conclusions  based  upon  admittedly  inaccurate  data,  claim 
more  than  a  provisional  validity.  In  the  discussion  which  fol- 
lows we  wish  therefore  to  be  understood  as  dealing  for  the  most 
part  with  suggestion  rather  than  proof.  Many,  if  not  all,  of  the 
deductions  drawn  from  our  figures  demand  confirmation  by  a 
less  dubious  analytical  method. 

On  one  point  perhaps  the  results  do  actually  amount  to  a 
demonstration.  In  every  case  the  plasma  yields  for  creatine  a 
figure  80  far  below  that  of  the  blood,  that  there  can  hardly  exist 
a  doubt  that  the  bulk  of  that  substance  is  carried  in  the  cor- 

"  Greenwald,  I.,  Proc.  Soc.  Exp.  Biol,  and  Med,,  191&-17,  xiv,  115. 
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piisdes.  This  conclusion,  already  formulated  in  our  earlier  con- 
tribution" to  the  subject,  and  later  confirmed  by  Wilson  and 
Plass,"  is  not  affected  by  the  respective  errors  of  the  creatine  de- 
terminations in  blood  and  in  plasma;  for  these  are  of  such  relative 
magnitude  that  existing  differences  are  more  likely  to  be  con- 
cealed by  them  than  exaggerated.  We  have  shown**  reason  to 
suspect  that  the  true  creatine  content  of  the  blood  is,  roughly 
speaking,  about  one-half,  and  that  of  the  plasma  about  one- 
fourth,  of  the  amoimt  indicated  in  the  colorimetric  analysis. 
This  estimate  is  not  of  such  a  precise  character  that  it  can  be 
fairly  applied  to  individual  pairs  of  results,  but  it  is  perhaps 
not  too  crude  to  be  used  in  a  tentative  correction  of  oiu*  averages. 
Modified  accordingly,  these  averages  vary,  in  the  different  groups 
distinguished,  from  2.7  to  3.5  in  the  case  of  whole  blood,  and  from 
0.40  to  0.62  in  the  case  of  plasma.  The  corrected  averages  for 
all  cases  in  which  creatine  was  determined  at  all  are  2.97  (practi- 
cally 3.0)  and  0.46.  In  general  the  proportion  of  whole  blood  to 
plasma  creatine  is  about  6  or  7  to  1.  Taking  the  average  values 
reached  along  with  the  average  plasma  volumes  corresponding, 
it  is  possible  to  calculate  the  average  amount  of  creatine  in  the 
corpuscles;  this  appears  to  lie,  in  one  group  or  another,  between 
6  and  9,  with  an  average  for  all  cases  of  6.7  mg.  per  100  cc.**  It 
may  be  remarked  that  all  the  figures  for  creatine,  and  especially 
those  for  corpuscular  creatine,  are  higher  in  the  female  groups 
than  in  the  male.  These  quantitative  data  are  offered,  as  we  have 
said,  with  due  reserve  and  as  first  approximations  at  the  best. 

"  There  are  no  available  data  with  which  our  estimates  of  corpuscular 
creatine  can  be  directly  compared;  but  Plass  (Btdl,  Johns  Hopkins  Hasp., 
1917,  xxviii,  297),  who  employs  an  improved  analytical  method,  has  re- 
cently published  figxu'es  ranging  from  5.99  to  15.29  (average,  10.8)  as  the 
total  corpuscular  creatinine  of  ten  parturient  women.  He  states  further, 
without  recording  details  and  without  indicating  clearly  whether  he 
is  dealing  here  with  creatine  or  total  creatinine,  that  non-pregnant  women 
yield  much  lower  values  (6.2  to  6.5),  and  that  in  one  male  the  corpuscular 
concentration  was  low^r  still  (4.9).  Our  figures-,  it  will  be  seen,  agree 
with  those  of  Plass, in  indicating  a  smaller  proportion  of  creatine  in  the 
corpuscles  of  the  male,  and  a  special  accumulation  in  those  of  pregnant 
women.  Even  with  regard  to  the  absolute  amounts  present  there  exists  a 
gratifying  measure  of  agreement  between  results  obtained  in  such  different 
ways. 
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If  they  should  be  confirmed,  it  would  follow,  after  what  has  been 
said  of  the  equal  distribution  of  creatinine,  that  the  corpuscles 
contain  from  5.5  to  10  times  as  much  creatine  as  creatinine,** 
while  in  the  plasma  it  is  the  latter  which  is  predominant. 

Relatian  between  Creatine  of  Plasma  and  of  Urine. 

This  leads  us  to  consider  whether  our  results  throw  any  light 
upon  the  question  of  the  relation  between  the  concentration  of 
creatine  in  the  plasma  and  its  occasional  appearance  in  the  urine. 
Assuming  that  the  permeability  of-  the  healthy  kidney  cells  to 
creatine  is  constant,  there  would  appear  to  be  only  two  forms 
wMch  this  relation  might  assume;  either  creatine  is  promptly 
excreted  upon  its  earliest  appearance  in  a  plasma  which  is  nor- 
mally creatine-free,  or  else  it  passes  the  kidney  only  when  its 
plasma  concentration  rises  above  a  certain  definite  threshold.*^ 
Now,  if  the  individual  data  for  plasma  and  urinary  creatine  are 
compared,  it  is  impossible  to  detect  any  uniform  relation  between 
them.  Plasma  creatines  of  from  1.4  to  3.2  seem  to  be  associated 
indiflferently  with  the  presence  of  creatine  in  the  urine  or  its 
absence.  It  can  perhaps  be  said  that  whenever  the  (uncor- 
rected) plasma  creatine  is  lower  than  1.4  the  urine  is  creatine-free, 
and  that  whenever  it  is  above  3.2  creatinuria  makes  its  appear- 
ance; but  the  generalization  includes  in  its  scope  such  a  small 
proportion  of  our  cases  that  it  possesses  little  significance.  This 
apparent  lack  of  a  consistent  relation  is  probably  in  part  the  con- 
sequence of  the  variable  error  involved  in  the  single  determination 
of  plasma  creatine.  At  any  rate,  when  we  compare  averages,  in 
which  the  error  may  be  supposed  to  be  more  nearly  constant,  a 
certain  regularity  becomes  at  once  apparent. 

In   order    to    exhibit    this   more    clearly    we    have    in    the 

**  In  our  prelhninary  communication^'  (p.  xix),  in  the  sentence  dealing 
with  the  relative  amounts  of  creatinine  and  creatine  in  the  corpuscles, 
the  words  '.'first"  and  "second"  are  transposed  in  such  a  manner  as  to 
convey  a  meaning  exactly  the  opposite  of  what  was  intended.  When 
the  abstract  was  printed  this  unfortunately  escaped  detection. 

**  The  dependence  of  creatinuria  upon  a  specific  increase  of  renal  per- 
meability constitutes  a  third  possibility  which  cannot  be  entirely  excluded^ 
but  for  which  there  would  not  exist  an  exact  analogy. 
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first  part  of  Table  II  arranged  all  the  averages  for  plasma  cre- 
atine (none  of  which  is  drawn  from  less  than  seven  separate 
determinations)  in  ascending  order  of  magnitude,  placing  beside 
each  of  them  the  average  urinary  creatine  of  the  group  to  which 
it  belongs.  The  figures  are  then  seen  to  fall  readily  into  three 
sets.  In  the  first,  consisting  of  four  examples  with  a  plasma 
creatine  (corrected)  of  about  0.4,  the  urinary  creatine  is  never 
greater  than  5;  in  the  second,  two  examples  with  a  plasma  creatine 
of  0.46,  the  urinary  creatine  lies  between  8  and  15;  while  in  the 
third,  three  examples  with  a  plasma  creatine  of  about  0.6,  the 
urinary  creatine  ranges  from  17  to  32.  Unfortunately  the  evi- 
dential value  of  this  apparent  correspondence  is  not  so  great 
as  it  seems;  for,  in  consequence  of  the  occasional  incompleteness 
of  the  analytical  record,  the  respective  averages  for  plasma  and 
for  urine  are  not  invariably  drawn  from  the  same  set  of  indi- 
viduals within  the  group  which  they  are  taken  to  represent. 
From  this  objection  the  figures  which  constitute  the  second  part 
of  Table  II  are  free.  They  are  averages  which  have  been  com- 
puted from  those  cases  only  in  which  both  urine  and  plasma  were 
succcjssfully  analyzed  for  creatine.  The  cases  conforming  to 
this  requirement  (46  in  number)  have  been  regrouped  with  refer- 
ence simply  to  the  concentration  in  which  creatine  was  being  ex- 
creted at  the  time  of  the  analysis.  Thus  in  the  first  group  (26 
cases)  the  urine  was  creatine-free;  in  the  second  (9  cases)  it  con- 
tained less  than  10  mg.  per  100  cc;  the  third  included  all  of  the 
20  cases  in  which  any  creatine  at  all  was  present;  while  the  fourth 
embraced  those  only  (11)  in  which  the  concentration  of  creatine 
was  higher  than  10  mg.  per  100  cc.  The  data  yielded  by  these 
groups  indicate  with  clearness  the  association  of.  a  regular  in- 
crease in  the  average  creatine  content  of  the  urine  with  an  equally 
regular,  tliough  of  course  much  more  gradual  rise  in  the  average  • 
level  of  the  plasma  creatine.  They  therefore  afford  an  un- 
equivocal confirmation  of  the  conclusions  to  which  the  first 
part  of  the  table  had  already  pointed, — that  the  concentration  of 
creatine  in  the  urine  bears  a  direct  relation  to  that  in  the  plasma, 
and  that  a  slight  increase  in  the  latter  (as  Uttle  as  0.1  mg.  per  100 
cc.)  suffices  to  bring  about  a  copious  excretion. 

Had  it  been  possible  to  put  absolute  confidence  in  the  analytical 
data  for  plasma  creatine,  the  last  results  would  have  demon- 
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TABLE  II. 
Comparison  of  Average  Creatine  Contents  of  Urine  and  Plasma, 


Deecription  of  group. 


No.  of 


Plasma  creatiiM 
per  100  00. 


Found. 


Coi^ 
rooted. 


Urinary 
creatine 

per 
100  CO. 


A.  Grouping  determined  by  case  classification. 


Males  of  Group  II 

All  males 

"   with  blood  imlaked 

Group    I  (males) 

"      II  (males  and  females). 

All  cases 

Females  of  Group  II 

All  females 

Group  III  (females) . .  .• 


mg. 

mg. 

11 

1.47 

0.37 

40 

1.64 

0.41 

21 

1.67 

0.42 

29 

1.70 

0.42 

18 

1.84 

0.46 

54 

1.85 

0.46 

7 

2.43 

0.61 

14 

2.45 

0.61 

7 

2.47 

0.61 

mg. 

2.5 

2.9 

5.0 

3.1 

14.4 

8.6 

31.4 

25.7 

17.6 


B.  Grouping  determined  by  concentration  of  urinary  creatine. 


Urines  creatine-free 

"       containing  less  than  10  mg 

"               "          any  creatine  whatever. 
"  "  more  than  10  mg 


26 
9 

20 
11 


1.59 
1.62 
2.02 
2.34 


0.40 
0.41 
0.51 
0.59 


0 

4.8 
18.5 
29.7 


strated  one  point  more;  the  existence,  namely,  of  a  threshold  for 
creatine,  the  level  of  which  they  would  have  fixed  sharply  at 
0.4  mg.  per  100  ce.  But  the  unreliability  of  the  determination 
renders  exceedingly  doubtful  the  significance  of  a  quantity  as 
small  as  that.  Indeed  the  extreme  lowness  of  the  threshold  in- 
dicated (it  would  be  surprisingly  low  even  if  the  original  figures 
needed  no  correction)  is  enough  in  itself  to  throw  suspicion  upon 
its  reality.  Thresholds  of  established  importance,  like  those  of 
glucose  and  chlorides,  seem  to  be  generally  of  much  greater  mag- 
nitude. The  idfea  thai  there  may  be  a  normal  constant  of  this 
sort  for  creatine  receives  moreover,  it  must  be  admitted,  no 
support  from  the  results  of  WDson  and  Plass,^'  who  used  a 
method  of  analysis  presumably  more  accurate  than  ours.  The 
figures  they  present  indicate  rather  the  complete  absence  of 
creatine  from  the  plasma  in  cases  where  the  urine  is  ordinarily 
creatine-free,  and  its  presence  in  those  only  where  creatinuria 
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is  the  rule.  Their  evidence,  unfortunately,  is  in  some  respects 
as  defective  as  our  own.  The  number  of  himian  cases  they  re- 
port is  but  nine  in  all,  and  in  none  of  them  was  the  urine  actu- 
ally analyzed.  A  final  settlement  of  the  question  of  a  creatine 
threshold  must  therefore  await  the  collection,  by  methods  of 
unquestioned  accuracy,  of  data  more  complete  and  reliable  than 
any  that  we  yet  possess. 

SUMMARY.    • 

1.  The  creatinine  content  of  normal  human  blood  plasma 
ranges  under  different  conditions  from  0.70  to  1.3  mg.  per  100 
cc,  the  average  for  60  specimens  examined  being  1  mg. 

2.  It  is  practically  certain  that  the  creatinine  of  normal  blood 
is  distributed  through  corpuscles  and  plasma  in  imiform  con- 
centration. 

3.  The  figures  given  for  plasma  indicate,  therefore,  also  the  true 
creatimne  content  of  whole  blood. 

4.  The  blood  creatinine  is  apt  to  be  lower  in  females  than  in 
males,  and  lower  in  subjects  deprived  of  exercise  than  in  those 
leading  an  active  life.  It  is  suggested  that  the  blood  creatinine 
is  related  to  muscular  development  in  much  the  same  way  as  the 
creatinine  coeflScient. 

5.  The  creatine  of  the  blood  is  chiefly  concentrated  in  the  cor- 
puscles. With  the  method  used  exact  determinations  were  un- 
attainable, but  it  is  roughly  estimated  that  the  average  creatine 
content  of  the  corpuscles  lies  between  6  and  9  mg.  per  100  cc, 
while  that  of  the  plasma  is  not  more  than  0.4  to  0.6.  The  blood 
as  a  whole  contains  apparently  an  average  of  about  3  mg.  per 
100  cc.  There  seems  to  be  more  in  the  blood  of  females  than  of 
males. 

6.  There  is  a  distinct  correspondence  between  increase  of 
plasma  creatine  and  the  appearance  of  creatine  in  the  urine;  but 
whether  the  plasma,  in  the  absence  of  creatinuria,  is  creatine-free 
or  whether  there  exists  a  threshold  for  creatine  excretion,  has 
not  been  positively  determined.  If  there  is  a  threshold,  it  is  a 
very  low  one. 

We  take  this  opportunity  of  thanking  the  students  and  instruc- 
tors of  Toronto  University   Medical  School  who  permitted  us  to 
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examine  specimens  of  their  blood.  It  is  a  pleasure  also  to  ac- 
knowledge the  courtesy  with  which  Doctors  B.  P.  Watson,  K. 
C.  Mclh^ith,  A.  McPhedran,  G.  W.  Ross,  W.  B.  Thistle,  F.  N. 
G.  Starr,  and  G.  A.  Bingham,  all  of  the  staff  of  the  Toronto 
General  Hospital,  permitted  us  to  use  material  from  the  wards 
under  their  charge. 
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THE  INFLUENCE  OF  THYROID  FEEDING  UPON   CAR- 
BOHYDRATE METABOLISM.    L 

THE  STORAGE  AHO)  MOBILIZATION  OF  THE  LIVER  GLYCOGEN 
IN  THYROm-FED  ANIMALS. 

By  SHIGENOBU  KURIYAMA. 

{From  the  Sheffield  Laboratory  of  Physiological  Chemistryy  Yale  Univeraity, 

New  Haven,) 

(Received  for  publication,  November  24,  1917.) 

An  earlier  paper^  dealt  chiefly  with  the  influence  of  th3nroid 
feeding  upon  the  glycogen  content  of  the  liver  and  the  sugar 
content  of  the  blood.  In  the  present  series,  I  have  investigated 
the  glycogenetic  and  glycogenolytic  action  of  the  liver  of  thy- 
roid-fed animals,  the  influence  of  th3ax)id  feeding  upon  the  liver 
glycogen  of  frogs,  the  interrelations  of  the  thyroid  and  adrenals, 
acidosis  after  thyroid  feeding,  and  the  influence  of  alkali  upon 
the  diminished  content  of  liver  glycogen  of  thyroid-fed  animals. 
Desiccated  thyroid  (Parke,  Davis  and  Company)  was  usually 
fed,  although  fresh  pig  thjrroid  was  used  in  one  series  of  experi- 
ments. The  methods  employed  for  feeding  and  for  determining 
the  Uver  glycogen  and  the  sugar  of  the  blood  or  urine  were  the 
same  as  described  in  the  first  paper,^  unless  otherwise  specified. 

The  Formation  of  Liver  Glycogen  in  Thyroid-Fed  RaU  upon  a  Very 
High  Carbohydrate  Diet. 

The  glycogen  content  of  the  liver  is  rapidly  decreased  to  the  minimmn 
by  thyroid  feeding,  and  is  readily  restored  by  omitting  thyroid  tissue 
from  the  diet.  On  the  other  hand,  the  liver  of  the  thyroid-fed  animals 
apparently  does  not  increase  its  glycogen  content  as  easily  as  that  of 
fasted  rats  after  parenteral  administration  of  dextrose.^  The  increased 
need  for  energy-producing  materials  in  h3rperthyroidism  may  be  the 
only  cause  of  these  phenomena,  or  it  may  also  be  that  the  glycogenetic  or 
glycogenolytic  action  of  the  liver  is  somewhat  affected.    Though  in  vivo  the 

»Kuriyama,  S.,  Am,  J.  Physiol.^  1917,  xliii,  481. 
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th3rToid  hormone  is  thought  to  accelerate  the  oxidation  of  carbohydrates,* 
King*  reported  that  in  vitro  the  dextrose-destrosring  power  of  a  mixture  of 
muscle  and  pancreatic  juice  (reported  as  polymerisation  by  others)  if 
markedly  retarded  by  the  addition  of  thyroid  juice.  Mackenzie/  howeyer, 
observed  that  th3rroid  juice  has  no  influence  upon  blood  glycolysis  in 
vitro.  Opinions  as  to  the  glycogenetic  function  of  the  liver  in  some 
pathological  conditions,  where  the  liver  gjiycogen  promptly  disappears, 
are  still  controversial.  Grube*  claims  that  perfusion  of  livers  with  phlor- 
hizin  not  only  prevents  formation  of  glycogen  from  dextrose,  but  also 
breaks  down  part  of  the  glycogen  previously  existing.  Schdndorff  and 
Suckrow,*  repeating  these  e^cperim^nts,  failed  to  confirm  them.  Accord- 
ing to  Neubauer,^  in  phosphorus  poisoning  as  well  as  in  pancreatic  dia- 
betes, the  liver  is  affected  in  its  function  of  forming  glycogen  from  glucose, 
while  this  does  not  hold  for  levulose.  Nishi's  expeirimente,  •  however,  show 
that  the  glycogenetic  function  of  the  liver  of  depancreatised  animals 
remains  normal. 

If  an  increased  oxidation  is  the  only  or  at  least  the  chief  cause 
of  the  decrease  of  liver  glycogen  in  hyperthyroidism,  a  large 
amount  of  a  very  high  carbohydrate  diet  might  cause  the  storage 
of  glycogen  in  the  liver  of  thyroid-fed  animals.  Some  experi- 
ments were  made  to  test  this. 

Methods. — As  the  usual  food,  a  paste,  made  of  70  parts  of  dog 
biscuit  (rat  biscuit  which  is  specially  prepared  for  feeding  ex- 
periments by  Drs.  Osborne  and  Mendel  was  not  used  this  time) 
and  30  parts  of  lard,  was  given,  and  as  extra  carbohydrate, 
sucrose  was  added.  Giving  the  dog  biscuit-lard  diet  freely  to 
normal  rats,  Osborne  and  Mendel*  reported  that  about  4.5  to  9 
gm.  per  day  of  the  food  administered  to  a  150  gm.  albino  rat  or 
9  to  13.5  gm.  to  a  300  gm.  rat,  are  enough  to  maintain  or  even 
to  increase  the  body  weight.  In  my  experiments,  owing  to  the 
frequent  decrease  of  the  appetite  of  the  thyroid-fed  animals,  not 
much  more  food  than  this  average  could  be  given.     1  gm.  of 

«  Cramer,  W.,  and  McCall,  11.,  Quart.  7.  Exp.  Physiol.,  1917,  xi,  59. 
«  King,  J.  H.,  J.  Exp.  Med.,  1909,  xi,  665. 
^Mackenzie,  G.  M.,  J.  Exp.  Med.,  1915,  xxii,  757. 
»  Grube,  K.,  Arch  ges.  Physiol. ,  1909,  cxxviii,  118. 

•  Schdndorff,  B.,  ana  Suckrow,  F.,  Arch.  ges.  Physiol.,  1911,  cxxxviii, 
£38. 

T  Neubauer,  E.,  Arch.  exp.  Path.  u.  Pharm.,  1909,  Ixi,  174. 

•  Nishi,  M.,  Arch.  exp.  Path.  u.  Phann.,  1910,  Ixii,  170. 

•  Osborne,  T,  B.,  and  Mendel,  L.  B.,  Carnegie  Institution  of  Washington. 
Publication  No.  166,  pt.  i,  1911.  16. 
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desiccated  thyroid,  mixed  with  2  gm.  of  paste,  was  given  in  the 
afternoon,  and  after  this  food  was  eaten,  10  gm.  of  paste  were 
put  in  the  cage.  On  the  last  day  of  the  experiment,  1  gm.  of 
paste  with  desiccated  thyroid  was  given  at  9  p.m.  After  this 
was  eaten,  1  gm.  of  paste  and  a  certain  amomit  of  sucrose,  mixed 
with  a  small  amount  of  water,  were  given.  At  9  the  next  morn- 
ing the  animal  was  killed  and  the  liver  glycogen  determined.  As 
control  experiments,  a  few  rats  were  fasted  for  72  hours.  At 
the  end  of  this  period,  a  certain  amount  of  paste  or  sucrose 
was  given  to  some  of  them,  the  rest  still  kept  fasting.  12  hours 
later  all  the  animals  were  killed  and  the  liver  glycogen  was  de- 
termined. Neither  thyroid-fed,  nor  control  animals  showed  any 
diarrhea.  The  results  are  detailed  in  Tables  I  and  II.  Rats 
III,  IV,  and  V  in  Table  II  are  the  same  animals  which  were 
shown  in  this  Journal}^  The  body  weight  of  these  three  was 
taken  at  the  end  of  the  72  hour  fasting.  In  calculating  the 
calories  of  the  food  of  the  last  experimental  day,  the  dog  biscuit- 
lard  mixture,  designated  as  "paste,"  was  considered  to  have  5 
calories  per  gm.,  desiccated  thyroid  4.1  calories  per  gm. 

As  will  be  seen  in  these  tables,  the  storage  of  glycogen  in  the 
liver  of  thyroid-fed  rats  is  much  less  than  in  fasted  rats.  In 
some  thyroid-fed  rats,  however,  the  liver  was  able  to  store  a 
noteworthy  amount  of  glycogen.  A  72  hour  fast  decreases  the 
liver  glycogen  to  the  minimum;  and  a  small  amount  of  paste  or 
sucrose  was  enough. to  make  it  reappear  abundantly  within  12 
hours.  During  the  same  length  of  time,  the  thyroid-fed  rats 
ingested  several  times  as  many  calories  as  the  fasted  animals. 

Rudinger'^  reported  that  in  Graves'  disease  the  oxidation  of 
protein  is  abnormally  increased  and  the  administration  of  too 
much  protein  accelerates  the  activity  of  the  thyroid,  while  the 
diet  with  a  large  amount  of  carbohydrate  has  a  counter  effect,  the 
hyperfunction  of  the  th3at)id  being  retarded  by  an  antagonis- 
tic action  of  the  accelerated  pancreatic  function.  According  to 
Cramer  and  McCall,*  the  oxidation  of  carbohydrate  is  also  in- 
creased in  hyperthyroidism.     Investigating  the  respiratory  gas 

»•  Kuriyama,  S.,  and  Mendel,  L.  B.,  J.  Biol.  Chem,,  1917,  xxxi,  136. 
"Rudinger,  K.,  Wien,  klin,  Woch,,  1908,  xxi,  1581. 
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interchange,  Magnus-Levy,"  Thiele  and  Nehring,"  and  Salomon^* 
reported  that  both  healthy  men  and  myxedema  patients  treated 
with  thyroid  substance  and  also  patients  with  Graves'  disease 
show  an  increase  of  20  to  80  per  cent  in  the  amount  of  oxygen 
consumed.  In  experimental  hyperthyroidism  under  the  present 
conditions  this  increase  may  be  much  higher.  Although  no 
diarrhea  was  evident  in  my  experiments,  digestibility  of  a  very 
high  carbohydrate  diet  must  also  be  taken  into  consideration.  The 
oft  reported  decrease  of  the  assimilation  limit  of  carbohydrate 

TABLE  II. 

The  Formation  of  Liver  Glycogen  by  AdministrcUion  of  a  Certain  Amount  of 
Food  in  Fasted  Rats. 


Rat 

I 

II 

III 

IV 

V 

VI 

VII 

Body  weight, 

om 

204.0 

224.0 

150.0 

255.0 

250.0 

207.0 

219.5 

Food  after 
72     hour 
fasting 
period. 

Paste,  gm 

Sucrose,  gm,. 

2.0 
0 

a.5 

1.5 

0 
2.0 

0 
5.0 

0 

0 

0 

Calories 

10.0 

8.7 

8.2 

20.5 

0 

0 

0 

Loss  of  body  weight,  gm..,. 

-19.8 

-25.7 

-30.0 

-38.0 

-48.0 

-24.5 

-22.0 

Liver. 

Weight,  gm 

Glycogen  )  ^^ 

content.  | 

[per  cent 

6.0 
189.0 

32 

6  2 
322.4 

52 

42 
216.1 

5.2 

6.9 
399.6 

5.8 

4.5 
Trace. 

5.3 
0 

4.9 
Trace. 

in  Graves'  disease  does  not  seem  to  be  so  great  and  is  not  alwajrs 
an  accompanjdng  symptom.  From  my  experiments,  it  will  be 
seen  that  under  suitable  conditions,  the  liver  of  thjo-oid-fed  rats 
can  store  a  certain  amount  of  glycogen.  Whether  the  remarkable 
difference  between  the  thyroid-fed  and  fasted  animals  in  forming 
the  liver  glycogen  is  due  only  to  an  increase  of  general  metabolism 
cannot  yet  be  clearly  answered. 

"  Magnus-Levy,  A.,   BerL  klin,  Woch.,  1895,  xxii,  650;  Deutsch,  med. 
Woch.,  1896,  xxii,  491. 

>»  Thiele,  O.,  and  Nehring,  0.,  Z,  klin,  Med,,  1896,  xxx,  41. 
>«  Salomon,  H.,  Berl,  klin,  Woch.,  1904,  xli,  635. 
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The  Diastase  Content  of  the  Liver  and  Blood  Serum  of  Thyroid-Fed 

Animals, 

Opinions  .concerning  the  function  of  diastase  in  various  animal  fluids 
or  tissues  and  alterations  of  its  concentration  in  certain  pathological 
condiliions  are  quite  contro^ficoiaj.  Studying  the  behavior  of  the  liver 
diastase  in  diabetes,  BSng*'  reported  that  the  glycogen-free  liver  of  de- 
pancreatized  dogs  showed  no  excessive  diastatic  action.  He  considers  this 
fact  as  an  indication  that  diabetes  depends  not  on  excessive  destruction 
but  on  deficient  foraaatijgnjai-gjycogen.  In  the -same  type  of  experi- 
ments, Zegla"'  found  a  slight  decrease  of  the  liver  diastase;  but  Hinsel- 
mann,>^  on  the  contrary,  found  an  increase.  Though  Zegla"  reported  that 
the  diastase  content  of  the  liver  increases  in  phlorhizin  or  phloretin  glyco- 
suria, the  slight  difference  in  the  results  of  his  experiments  seems  still 
to  be  within  the  technical  error  or  physiological  variation.  Wohlgemuth 
and  Benzur**  reported^RW  phl6rhizin,  phloretin,  or  epinephrine  injection 
causes  an  increase  of  the  diastajse  content  of  the  kidneys,  while  the  di- 
astase content  of  the  liver  and  blood  serum  shows  no  decided  change. 
Wohlgemuth^*  demonstrated  also  that  fasting,  change  of  diet,  increase  of 
pancreatic  activity  by  hydrochloric  acid  or  secretin  have  no  effect  upon 
the  diastase  content  of  the  blood.  Knowing  that  epinephrine,  piqiire^ 
and  other  nervous  influences  are  without  action  upon  the  blood  diastase, 
Moeckel  and  Rost^°  are  of  the  opinion  that  the  blood  diastase  is  a  product 
of  the  metabolism  of  the  cells,  which  has  no  special  significance  and  serves 
no  function  in  the_  organism.  Macleod  and  Pearce"  reported  that  in  an 
etlierized  animal  after  death  there  is  usually,  though  not  always,  an  ac- 
celeration in  the  rate  of  glycogenolysis  of  the  liver.  Stud3ring  the  gly- 
cogenol3rtic  power  of  the  liver  after  splanchnic  stimulation,  the  same 
authors"  concluded  that  modifications  in  the  glycogenolytic  activity  of 
the  liver  do  not  depend  on  changes  in  the  amount  of  diastase,  but  on 
changes  iix_ithfi,jiQndition8_under  jvhich  a  constant  amount  of  this  fer- 
ment is  acting.  Scaffidi^^  demonstrated  that  the  liver  of  frogs  poisoned 
with  phosphorus  has  a  glycogenolytic  power  as  high  as  the  normal  liver. 
Bang^^  asserts  that  the  liver  of  Rana  esctdenta  contains  a  large  amount  of 

"  Bang,  I.,  Beiir.  chem.  Physiol,  u.  Path.,  1907,  x,  320. 
»<  Zegla,  P.,  Biochem,  Z.,  1909,  xvi.  111. 
»^  Hinselmann,  H^  Z.  physioL  Chem.,  1909,  Ixi,  265. 
>•  Wohlgemuth,  J.,  and  Benzur,  J.,  Biochem.  Z.,  1909,  xxi,  460. 
»•  Wohlgemuth,  J.,  Biochem,  Z.,  1909,  xxi,  381. 
"  Moeckel,  K.,  and  Rost,  F.,  Z.  physiol,  Chem.,  1910,  Ixvii,  433. 
"  Macleod,  J.  J.  R.,  and  Pearce,  R.  G.,  Am,  J.  Physiol.,  1910-11,  xxvii, 
341. 

"  MacLeod  and  Pearce,  Am,  J,  Physiol,,  1911,  xxviii,  403. 
"  Scaffidi,  V.,  Biochem,  Z.,  1915,  Ixviii,  320. 
"  Bang,  Biochem.  Z.,  1913,  xlix,  40. 
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{  latent,  diastase,  which  does  not  act  in  the  physiological  formation  of 
sugar  in  the  liver,  while  the  liver  of  Rana  fusca  contains  only  a  small 
amount  of  such  latent  diastase.  In  human  diabetes,  Wynhausen**  failed 
to  demonstrate  any  decided  change  of  the  blood  diastase,  while  Myers 
and  Killian's  recent  studies'*  showed  a  noteworthy  increase. 

Feeding  thyroid  to  cats,  Burge,  Kennedy,  and  Neill*^  found  that  the 
catalase  content  of  the  blood  increases  markedly.  On  the  other  hand, 
Juschtschen^ko'*  reported  that  th3rroidectomy  causes  a  decrease  of  the 
catalase  content  of  the  blood.  Wells''  sought  for  a  possible  influence  on 
autolysis  of  the  liver  by  thyroid  extract,  but  could  demonstrate  none  in 
vitro.  Schryrer,*"  however,  found  that  autolysis  was  more*  rapid  in  the 
liver  of  dogs  fed  on  th3rroid  extract  for  some  days  before  death  than  it 
-  was  in  control  animals. 

Concerning  the  influence  of  the  th3nroid  upon  the  blood  diastase,  Wohl- 
gemuth^* found  a  noteworthy  decrease  of  the  blood  diastase  in  thyroidetf- 
tomized  goats.  The  diastase  content  of  the  blood  serum  of  these  animals 
was  D^h  =»  3.3  —  5,  while  the  normal  goat  serum  was  valued  at  D  h  ™ 
20-40. 

I  ha^ve  made  some  experiments  in  order  to  ascertain  whether 
the  decrease  of  the  glycogen  content  of  the  liver  in  hyperthy- 
roidism has  any  relation  to  the  glycogenolytic  action  of  the  liver 
and  blood  serum. 

Records  of  these  follow. 

Methods, — Rabbits  were  used  for  blood  diastase  determina- 
tion; rats  for  liver  diastase.  To  the  former,  fresh  pig  thyroid 
was  given;  to  the  latter,  desiccated  th3at)id.  In  rabbits,  the 
blood  was  taken  from  an  ear  vein  by  puncture,  and  the  senun 
separated.  For  determining  the  liver  diastase,  the  organ  was 
extirpated  promptly  after  bleeding  the  animals  and  immersed  in 
warmed  physiological  saline  solution.  After  weighing,  the  liver 
was  freed  from  blood  by  perfusing  with  the  same  saline  solution. 
The  liver  was  then  thoroughly  ground  in  a  mortar  with  four  times 
its  weight  of  physiological  saline  solution  and  a  small  amount 
of  sand,  placed  in  an  ice  box  for  1  hour,  and  shaken  from  time  to 
time.    After  filtration  through  a  cloth,  the  homogeneous  organ 

«  Wynhausen,,  O.  J.,  Berl,  klin,  Woch.,  1910,  xlvii,  1281. 
"  Myers,  V.  C,  and  Killian,  J.  A.,  J,  Biol.  Chem.,  1917,  xxix,  179. 
*^  Burge,  W.  E.,  Kennedy,  J.,  and  Neill,  A.  J.,  Am.  J.  Physiol.,  1917, 
xliii,  433. 

"  Juschtschenko,  A.,  Biochem.  Z.,  1910,  xxv,  49. 
«•  Wells,  H.  G.,  Am.  J.  Physiol,  1904,  xi,  351. 
"  Schryver,  S.  B.,  J.  Physiol.,  1904-05,  xxxii,  159. 
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emulsion  was  used  for  diastase  determination  by  Wohlgemuth's 
methods*'  "    The  results  are  shown  in  Tables  III  and  IV. 

TABLE  III. 
The  Diastase  Content  of  the  Blood  Serum  of  Thyroid-Fed  Rabbits. 


Rabbit 

I 

II 

III* 

ivt 

Body  weight, 
kg 

3.30 

2.64 

2.86 

2  58 

Pood *. 

Oats. 

Oats. 

Oats  + 
greens. 

Oats  + 
greens. 

Fresh  pig  thy- 

'  roid,  15  gm. 

per  day 

June  8-11 

June  13-16 

June  8-11 

June  8-11 

Diastase  con- 
tent of  se- 
rum.  D^h  = 

62  5    May  25 
62.5    June  10 
62.5       "      11 
62.5       "      12 

62.5    June  12 
62.5       "      15 
62.5       "      15 
62.5       "      16 

62.5   May  24 

62.5      "     25 

62.5   June  11 

100.0      "      12 

62.5   May  24 

62.5   June  10 

100.0      "     11 

62.5      "     12 

*  Died  on  June  14. 


t  Died  on  June  12. 


TABLE  IV. 

The  Diastase  Content  of  the  Liver  of  Thyroid-Fed  Rats, 

Thyroid-Fed  Rats,    Food,  Desiccated  Thyroid,  1  Gm,  per  Day;  Paste,  i  Gm. 

per  Day;  Dog  Biscuit,  Freely;  for  4  Days, 


Rat. 

I 

II 

III 

IV 

V 

Body  wei 

ght,  gm 

128.1 

162.9 

127.2 

109.0 

1330 

Weight,  gm 

7.4 
156 

93 
250 

6.4 
250 

4.6 
156 

50 

Xiver. 

Diastase  content,  D  h  = 

250 

Control  Rats,     Food,  Paste,  6  Gm,  per  Day;  Dog  Biscuit,  Freely;  for  4  Days, 


aut.. 


B«dy  weight,  gm. 


Liver. 


Weight,  gm 

Diastase  content,  D  h=  • 


117.3 


4.4 
156 


II 


148.4 


6.1 
156 


III 


219.0 


9.4 
250 


IV 


301.4 

103 
250 


Wohlgemuth,  Biochem,  Z,,  1908,  ix,  1. 
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As  the  diastase  content  of  the  blood  serum  of  normal  rabbits, 
Wohlgemuth  and  Benzur'*  obtained  the  value  of  D^h  =  62.5, 
which  sometimes  increased  to  100  or  150.  In  my  normal  rab- 
bits,  the  blood  serum  always  showed  the  value  of  D^h  =  62.5. 
After  thyroid  feeding,  the  diastase  content  of  the  blood  serum 
remained  about  the  same.  As  to  the  diastase  content  of  the 
liver,  the  animal  species  seem  to  show  some  noteworthy  diflfer- 
€nce.     In  rabbits  it  is  said  to  vary  between  D^h  =  5  and  12.5 

Si* 

(Wohlgemuth  and  Benzur'*),  while  in  rats  D^h  is  as  high  as  80 
(meat  feeding)  or  160  to  320  (bread  or  lard  feeding)  (Hirata**). 
In  my  own  experiments,  the  diastase  content  of  the  normal  rat 
liver  was  D^h  =  156  to  250.  This  accords  well  with  Hirata's 
results.  In  thyroid-fed  rats,  the  value  was  about  the  same.  As 
far  as  the  diastase  content  of  the  blood  serum  and  the  liver  is 
concerned,  the  decrease  of  the  glycogen  content  of  the  liver  in 
experimental  hyperthyroidism  does  not  seem  to  be  due  to  an 
increased  glycogenolytic  power  of  the  liver  or  blood. 

The  diastase  content,  however,  is  always  determined  on  the 
dead  material.  The  diastatic  power  of  such  substances  may 
not  be  identical  with  that  in  the  living  condition.  Compar- 
ing the  diastatic  eflBciency  and  average  glycogen  content  in  the 
■diflferent  tissues  and  organs,  MacLean*^  reported  that  the  dias- 
tatic power  and  the  glycogen  content  do  not  necessarily  run  paral- 
lel and  sometimes  an  organ  containing  merely  a  trace  of  glycogen, 
e.g.,  the  lung,  shows  a  more  marked  amyloljrtic  power  than  a 
^ycogen-rich  organ,  such  as  the  liver.  Moreover,  a  long  list  of 
substances,  which  accelerate  or  inhibit  the  activity  of  diastase, 
has  been  reported.  A  small  amount  of  such  substances  within 
the  living  cells  may  markedly  affect  the  activity  of  this  enzyme. 
It  is  a  well  known  fact  that  a  marked  increase  of  protein  and  fat 
metabolism  exists  in  hyperthyroidism.  The  nitrogenous  con- 
stituents of  the  urine  are  usually  increased.  Bock^  reported  an 
increase  of  amino-acid  nitrogen  of  the  blood  in  a  case  of  hyper- 
thyroidism (9.58  mg.  amino-acid  N  in  100  cc.  of  blood;  the  nor- 

«  Hirata,  G.,  Biochem.  Z.,  1910,  xxvii,  385. 
"  MacLean,  H.,  Biochem,  J.,  1909,  iv,  467. 
**Bock,  J.  C,  J.  Biol.  Chem.,  1917,  xxix,  191. 
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mal  blood  containing  only  7.13  mg.).  Many  cleavage  products 
of  protein,  such  as  amino-acids,  creatine,  creatinine,  and  others, 
have  been  reported  to  accelerate  the  activity  of  the  diastase.** 
Though  the  liver  and  plood  of  thyroid-fed  animals  do  not  show 
any  increased  diastase  content,  it  may  be  possible  that  some 
substances,  which  are  produced  to  an  abnormally  large  degree, 
on  account  of  an  increase  of  metaboUsm,  accelerate  the  activity 
of  diastase  within  the  living  cells. 

The  Influence  of  Thyroid  Feeding  upon  the  Glycogen  Content  of  the 
Liver  of  Full  Groum  Frogs. 

Determining  the  glycogen  content  of  the  frog  {Rana.  fused)  at  different 
seasons,  Athansiu'*  reported  that  the  glycogen  content  of  the  frog  body 
is  lowest  in  the  summer,  at  which  time  they  take  the  most  nourishment, 
and  the  highest  in  the  fall,  gradually  decreasing  in  the  winter.  At  the  end 
of  hibernation  the  body  still  contains  a  large  amount  of  glycogen.  This 
statement  was  confirmed  in  general  by  Pfltiger.*'  In  frogs,  glycosuria 
can  be  inducc4  by  subcutaneous  application  of  phlorhizin,  but  not  by 
oral  administration.**  Scaffidi**  reported  that  phosphorus  poisoning  in- 
duces a  marked  loss  of  the  liver  glycogen  of  frogs  (Rana  esculenia)  in  a 
short  time.  Mangold,**  however,  observed  that  after  the  long  continued 
convulsions  caused  by  strychnine,  which  promptly  reduce  the  liver  gly- 
cogen of  warm-blooded  animals,  the  liver  of  a  frog  still  contained  a  large 
amount  of  glycogen.  As  shown  by  Gudematsch,*'  Lenhart,**  and  Gra- 
ham,** thjrroid  feeding  exerts  a  remarkable  influence  upon  the  growth 
of  tadpoles.  Emaciation,  retardation  in  gain  of  body  weight,  and  early 
differentiation  of  body  parts  can  be  noticed  in  a  few  days.  Lenhart  con- 
siders that  the  effect  of  thyroid  feeding  is  closely  associated  with  both  the 
iodine  content  of  thyroid  and  the  amount  fed. 

In  full  grown  frogs,  the  metabolism  is  probably  most  active 
in  the  summer  time.  It  may  be  interesting  to  know  whether  in 
this  season  thyroid  feeding  of  full  grown  frogs  can  increase  the 
metabolism  or  at  least  cause  any  decrease  of  the  glycogen  con- 

*»Effront,  J.,  Compt.  rend.  Soc.  bioL,  1904,  Ivii,  234.    Terroine,  E.  F., 
and  Weill,  J.,  J.  physiol.  et  path,  gen,,  1912,  xiv,  437. 
*•  Athansiu,  J.,  Arch,  ges,  Physiol.,  1899,  Ixxiv,  561. 
*'  Pfltiger,  E.,  Arch,  ges.  Physiol.,  1907,  cxx,  253. 
**  Lusk,  G.,  Ergebn.  Physiol.,  1912,  xii,  315. 
*•  Mangold,  E.,  Arch.  ges.  Physiol.,  1907-08,  cxxi,  309. 
«o  Gudematsch,  J.  F.,  Am.  J.  Physiol,,  1914-15,  xxxvi,  370. 
"  Lenhart,  C.  H.,  J.  Exp,  Med,,  1915,  xxii,  739. 
**  Graham,  A.,  J.  Exp.  Med,,  1916,  xxiv,  345. 
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tent  of  the  liver.  Some  experiments  bearing  upon  this  point 
are  recorded  below. 

Method, — The  experiments  were  carried  on  with  Rana  pipien$ 
in  June.  Desiccated  thyroid,  made  into  a  paste  by  mixing  with 
a  small  amoimt  of  water,  was  given  orally.  The  dose  of  desic- 
cated thyroid  was  0.5  gm.,  twice  daily.  The  animals  were  kept 
in  nmning  tap  water  and  no  food  was  given  to  them.  The  con- 
trol frogs  were  divided  into  two  groups.  One  group  was  kept  in 
running  water  only.  To  the  other  group,  boiled,  desiccated,  and 
powdered  egg  was  fed,  in  quantities  comparable  to  those  of  the 
thyroid  given.    The  results  are  detailed  in  Table  V. 

As  shown  in  this  table,  there  is  no  decided  difference  in  the 
glycogen  content  of  the  livers  of  thyroid-fed  frogs  and  those  of 
control  animals.  The  glycogen  content  of  the  liver  of  th)rroid- 
fed  frogs  was  4.8  per  cent  (the  average  of  5  cases),  while  in  the 
control  frogs  it  was  4.1  per  cent  (the  average  of  4  cases).  In 
none  of  the  animals  was  any  noteworthy  change  of  the  general 
conditions  observed.  Under  the  experimental  conditions  em- 
ployed, thyroid  feeding  does  not  decrease  the  glycogen  content 
of  the  liver.  This  is  in  harmony  with  the  result  obtained  in  a 
frog  poisoned  with  strychnine  and  seems  to  indicate  a  great  dif- 
ference in  the  intensity  of  metabolism  in  the  different  stages  of 
the  life  of  the  frog. 

SUMMARY. 

The  storage  of  glycogen  in  the  liver  of  thjroid-fed  rats  does 
not  occur  readily,  even  with  the  administration  of  a  large  amount 
of  a  very  high  carbohydrate  diet.  In  fasted  rats  the  liver  gly- 
cogen reappears  abundantly  after  ingestion  of  a  comparatively 
small  amount  of  food.  If  a  suflSciently  large  calorific  food  in- 
take is  administered  to  thyroid-fed  rats,  liver  glycogen  may 
sometimes  reappear  to  a  limited  extent.  The  quantity  of  glyco- 
gen so  stored  is,  however,  much  smaller  than  that  in  fasted  rats, 
subsequently  given  food  with  a  fuel  value  several  times  less  than 
that  of  the  thyroid-fed  rats. 

The  diastase  content  (D^h)  of  the  normal  rabbit  serum  and 
the  normal  rat  liver  is  about  62.5  and  156  to  250  respectively. 
Thyroid  feeding  does  not  change  these  values  markedly. 
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The  glycogen  of  the  liver  of  thyroid-fed  frogs  (Rana  pipiens) 
is  practically  the  same  as  that  of  control  animals.  This  accords 
with  the  results  obtained  with  frogs  poisoned  with  strychnine 
or  in  hibernation  and  perhaps  indicates  a  notable  difference  in 
the  intensity  of  metabolism  of  warm-  and  cold-blooded  animals 
and  of  the  frog  at  different  life  stages. 
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THE  INFLUENCE  OP  THYROID  FEEDING  UPON  CAR- 
BOHTDRATE  METABOLISM.    H. 

THE  EPINEPHRINE  CONTENT  OF  THE  ADRENALS  OF  THYROID- 
FED  RATS. 

By  SHIGENOBU  KURIYAMA. 

{From  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale  Uniitersity, 

New  Haven,) 

(Received  for  publication,  November  26,  1917.) 

In  my  previous  investigations,^  the  epinephrine  content  of  the  ad- 
renals of  white  rats,  fed  on  thjrroid  for  a  few  days,  was  little  different 
from  that  of  control  animals.  A  colorimetric  method  of  estimation  with 
mercuric  acetate  was  used.  Folin,  Cannon,  and  Denis'  reported  that 
phosphotungstic  acid  (uric  acid  reagent)  is  a  very  senisitive  reagent,  solu- 
tions containing  one  part  of  epinephrine  in  3,000,000  parts  of  water  pro- 
ducing an  immistakable  reaction  with  this  reagent,  and  therefore  being 
approximately  ten  times  as  sensitive  as  other  chemical  tests.  Using  Folin 's 
method,  Herring*  reported  that  the  administration  of  raw  thyroid  to  cats 
and  rats  can  increase  the  epinephrine  content  of  the  adrenals.  The  ad- 
renals were  also  heavier  than  those  of  control  animals.  Hoskins^  studied 
the  influence  of  thjrroid  feeding  upon  the  adrenal  glands.  In  new-bom 
guinea  pigs,  the  adrenal  glands  were  25  per  cent  heavier  than  those  of 
control  animals.  In  young  white  rats  this  phenomenon  was  also  confirmed. 
The  heart,  spleen,  liver,  and  kidneys  were  also  heavier  than  those  of 
control  animals. 

The  present  experiments  extend  previous  observations  with 
the  white  rats. 

Method, 

Albino  rats  were  divided  into  three  series,  each  having  nearly 
the  same  number  of  each  sex.  The  body  weight  of  each  series 
averaged  about  the  same.    All  of  them  were  fed  on  dog  biscuit- 

»Kuriyama,  8.,  Am.  J.  Physiol,,  1917,  xliii,  481. 

« Folin,  O.,  Cannon,  W.  B.,  and  Denis  W.,  J.  Biol,  Chem,,  1912-13, 
xiii,  477. 

'Herring,  P.  T.,  Quart,  J,  Exp,  Physiol,,  1915-16,  ix,  391;  1917,  xi, 
47. 

*  Hoskins,  R.  G.,  J,  Am,  Med.  Assn.,  1910,  Iv,  1724.  Hoskins,  E.  R., 
J,  Exp,  Zool.,  1916,  xxi,  295. 
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lard  diet.  Two  series  were  used  for  thyroid  feeding,  the  third 
one  serving  as  control.  Each  rat  was  kept  in  a  separate  cage. 
As  thyroid  administration  0.1  gm.  of  desiccated  thyroid  per  day 
was  prescribed  to  each  rat  of  the  one  series,  and  this  was  contin- 
ued for  23  days.  Every  rat  of  the  other  series  received  1  gm.  of 
desiccated  thyroid  per  day  for  4  days.  Thyroid  powder,  mixed 
with  two  or  three  times  the  weight  of  the  dog  biscuit-lard  paste, 
was  readily  eaten.  After  this  had  been  consumed,  the  paste  was 
given  freely.  At  the  end  of  the  period,  the  animal  was  bled  and 
both  adrenals  were  carefully  freed  from  the  siuroimding  tissues 
and  weighed  together.  The  epinephrine  content  was  determined 
by  Folin's  method,  modified  for  smaller  quantities  of  material. 
The  protein  of  the  ground  adrenals  was  precipitated  by  acid  and 
salt  in  a  10  cc.  volumetric  flask.  The  mixture  was  diluted  up  to  the 
mark  and  filtered.  8  cc.  of  the  filtrate  were  taken  into  a  25  cc. 
volumetric  flask  and  the  color,  produced  in  this  flask,  was  com- 
pared with  the  standard  color  in  another  25  cc.  flask.  For  the 
standard  color,  two  25  cc.  volumetric  flasks  containing  0.2  and 
0.4  mg.  of  luic  acid,  respectively,  were  provided  and  the  flask 
which  was  the  nearer  in  color  to  the  epinephrine  flask  was  used- 
The  results  are  shown  in  Tables  I  and  II. 

TABLE  I. 
The  Epinephrine  Content  of  the  Adrenals  of  Normal  Rats, 


Rat. 

Sex. 

Body 
weight. 

Weicht  of 

two 
adrenals. 

Weight  of 

two 

adrenals  per 

100  sm.  of 

body 

weight. 

Epineph- 
rine  in  two 
adrenals. 

Epineph- 
rine oergm. 
of  adrenal. 

Epineph- 
rine per  lOO 
Kin.  <M  body 
weight. 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

M. 

« 

F. 
« 

it 

t€ 

a 

gm. 
304.8 
269.7 
254.3 
218.1 
180.0 
243.8 
240.2 
199.4 
196.2 
194.6 

69.2 

mg. 

36.9 

35.3 

63.1 

67.5 

33.8 

50.6 

50.6 

39.5 

39.5 

39.1 

25.4 

mg. 

12,1 

13.1 

24.8 

26.4 

18.8 

2b.8 

21.1 

19.8 

20.1 

20.1 

36.7 

mg. 
0.102 
0.094 
0.162 
0.099 
0.091 
0.134 
0.174 
0.098 
0.104 
0.100 
0.056 

mg. 

2.77 

2.66 

2.57 

1.72 

2.69 

2.65 

3.44 

2.48 

2.63 

2.56 

2.20 

mg. 
0^033 
0.035 
0.064 
0.045 
0.051 
0.055 
0.072 
0.049 
0.053 
0.051 
0.081 

Average 

216.6 

42.8 

21.3 

0.110 

2.68 

0.064 
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TABLE  II. 
The  Epinephrine  Content  of  the  Adrenala  of  Thyroid-Fed  Rats. 


luu 


Chanoe 
of  body 
weight 
during  ex- 
periment. 


Body 
weischt  at 
end  of  ex- 
periment. 


Weight  of 

two 
adrenals. 


Weight  of 

two 
adrenals 

per 
100  gm.  of 

body 
weight. 


Epineph- 
rine in  two 
adrenals. 


Epineph- 
rine per 
gm.  of 
adrenal. 


Epineph- 
nee  per 
100  gm. 
of  body- 
weights 


Series  A.    Desiccated  thyroid; 

1  gm.  per  day  for  4  days. 

gm. 

.  mg. 

mg. 

mg. 

mg. 

mg. 

I 

M. 

-17.2 

276.4 

42.0 

15.2 

0.095 

2.26 

0.034 

II 

« 

-18.5 

254.2 

34.1 

13.4 

0.09^ 

2.70 

0.036. 

III 

« 

-23.0 

244.P 

34.8 

14.3 

0.093 

2.67 

0,038 

IV 

« 

-14.9 

126.9 

28.1 

22.1 

0.059 

2.10 

0.047 

V 

« 

-22.9 

125.4 

30.5 

24.3 

0.057 

1.87 

0.045. 

VI 

F. 

-17.0 

267.8 

44.9 

16.8 

0.092 

2.05 

0.034 

VII 

u 

-18.8 

189.9 

48.3 

25.4 

0.106 

2.20 

0.056; 

VIII 

u 

-17.3 

182.8 

43.4 

23.7 

0.111 

2.56 

0.061 

IX 

« 

-19.1 

178.6 

64.5 

36.1 

0.119 

1.85 

0.067 

X 

u 

-18.8 

178.1 

43.4 

24.4 

0.084 

1.94 

0.047 

XI 

tt 

-17.8 

173.4 

44.3 

25.5 

0.101 

2.28 

0.058 

Avei 

*affe. . . 

199.8 

41.7 

21.9 

0.092 

2.23 

0.048 

Series  B.    Desiccated  thyroid;  0.1  gm.  per  day  for  23  days. 


I 

M. 

-2.8 

267.3 

50.0 

18.7 

0.101 

2.02 

0.038 

II 

« 

-5.4 

2^1.6 

41.5 

17.9 

0.098 

2.36 

0.042 

III 

« 

-10.0 

221.0 

46.6 

21.1 

0.126 

2.70 

0.057 

IV 

u 

-2.9 

210.7 

36.2 

17.2 

0.071 

1.96 

0,034 

V 

F. 

-4.8 

198.4 

50.6 

25.5 

0.142 

2.81 

0.072^ 

VI 

« 

rfO.9 

17a.  4 

38.4 

21.8 

0.082 

2.14 

0.047 

VII 

« 

-2.6 

149.4 

37.8 

25.3 

0.083 

2.20 

0.056^ 

VIII 

« 

-14.1 

144.6 

42.1 

29.1 

0.081 

1.92 

0.066. 

Avei 

rajce . . . 

199.9 

42.9 

22.1 

0.098 

2.26 

0.060; 

As  the  epinephrine  content  of  the  adrenals  of  normal  animals 
(mg.  of  epinephrine  per  gm.  of  the  gland),  Folin  and  his  cor- 
workers*  foimd  2.41  to  3.08  mg.  in  the  sheep,  2.04  to  2.33  mg.. 
in  the  dog,  3.33  to  3.52  mg.  in  the  calf,  1.22  to  1.52  mg.  in  the 
yomig  cat,  and  Herring  found  1.25  to  2.22  mg.  in  the  cat,  andl 
1.47  to  2.97  mg.  in  the  albino  rat.  In  my  experiments  this, 
value  in  albino  rats  averaged  2.20  mg.    The  maximum  was  3.44 

THE  JOURNAL  OP  BIOLOOICAL  CHEUI8TRT,  VOL.   XXXIII,  NO.   1 
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mg.y  the  mimmum  1.72  mg.  It  will  be  seen  that  the  epinephrine 
content  of  the  adrenal  shows  some  variation  according  to  both 
the  animal  species  and  the  individual. 

As  the  thyroid  hormone  is  considered  to  stimulate  the  sympa- 
thetic nervous  system,  an  excess  of  it  in  the  bo^y  may  stimulate 
the  activity  of  the  adrenal.  But  this  may  not  necessarily  be  ac- 
companied by  a  higher  content  of  the  epinephrine  in  the  gland. 
The  excess  of  epinephrine  may  immediately  be  transported  into 
the  circulation,  its  concentration  in  the  gland  being  kept  as 
usual.  It  is  also  possible  that  the  epinephrine  produced  in  the 
gland,  no  matter  what  the  amoimt  may  be,  is  quickly  expdled 
by  the  abnormal  nerve  stimulation  and  consequently  the  lower 
concentration  soon  manifests  itself.  Quinquaud*  reported  that 
the  epinephrine  content  of  the  adrenal  was  decreased  after  piqUire. 
Confirming  the  results  of  Elliott,'  Stewart  and  Rogoflf'  reported 
that  diminution  of  the  stock  of  epinephrine  in  the  adrenal,  through 
electrical  stimulation  of  the  splanchnics,  was  not  easy  to  demon- 
strate, despite  the  fact  that  the  liberation  of  epinephrine  into  the 
blood  was  notably  increased  by  the  stimulation.  Only  after  a 
stimulation,  repeated  at  intervals  for  a  long  time,  could  a  distinct 
depletion  of  the  epinephrine  content  be  observed.  The  results  in 
Table  II  show  that  the  epinephrine  content  of  the  adrenal  was 
practically  not  changed  by  thyroid  feeding  (a  small  dose  per  day 
for  a  long  time,  and  a  large  dose  per  day  for  a  short  time),  neither 
absolutely  nor  relatively,  the  individual  or  physiological  variations 
being  kept  in  mind.  Neither  do  the  absolute  and  relative  weights 
of  the  adrenals  show  any  noteworthy  diflference  from  those  of  the 
control  animals.  According  to  Donaldson's  tables,'  the  weight 
•of  the  adrenals  of  albino  rats  is  45.6  mg.  (average  of  both  sexes) 
for  200  gm.  of  body  weight,  and  48.2  mg.  (average  of  both  sexes) 
for  215  gm.  of  body  weight.  In  his  chart  it  may  be  seen  that 
there  exists  a  widely  ranging  variation.  In  Herring's  report, 
the  epinephrine  content  of  the  adrenals  of  the  thyroid-fed  ani- 
mals was  increased  absolutely  but  decreased  when  it  was  calcu- 
lated per  gm.  of  the  adrenal.    The  weight  of  the  fresh  adrenals 

•  Quinquaud,  A.,  Relations  entre  la  piqiire  diabdtique  et  la  s^crdtion 
<i'adr6Qaline,  Paris,  1915. 

•  Elliott,  T.  R.,  J.  Physiol,  1912,  xliv,  374. 

'  Stewart,  Q.  N.,  and  Rogoff,  J.  M.,  J.  Exp.  Med.,  1916,  xxiv,  709. 
•Donaldson,  H.  H.,  The  Rat,  Philadelphia,  1915,  100,  137. 
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was  increased.  On  the  other  hand,  the  desiccated  adrenal  of  the 
thyroid-fed  animals  had  a  higher  adrenal  content  than  the  same 
amount  of  desiccated  normal  adrenal.  This  seems  to  show  that 
the  increase  of  the  adrenal  weight  was  mostly  due  to  the  water 
content  and  not  to  the  solid  substance.  Obtaining  the  blood  of 
the  adrenal  vein  of  dogs,  into  which  extracts  of  various  organs 
had  been  previously  injected,  and  testing  the  vasoconstrictor 
action  of  this  blood  sample  with  another  dog,  Gley  and  Quin- 
quaud*  concluded  that  though  the  extracts  of  various  organs  can 
augment  the  secretion  of  epinephrine,  the  extract  of  thyroid 
gkmd  is  not  specific.  Gley's  other  experiments^®  demonstrate 
that  the  epinephrine  content  of  the  adrenal  of  thyroidectomized 
dogs  and  rabbits  is  not  lower  than  that  of  normal  animals.  This 
is  not  in  harmony  with  the  results  of  Herring  with  thyroidecto- 
mized cats.* 

Though  an  augmented  secretion  of  epinephrine  in  hyperthy- 
roidism may  be  probable,  the  frequently  reported  intimate  rela- 
tion between  the  hormones  of  the  thyroid  and  adrenal  has  also 
been  studied  from  different  standpoints.  Macleod  and  Pearce^- 
observed  that  after  complete  dissection  of  the  hepatic  plexus, 
stimulation  of  the  splanchnic  nerve  is  only  occasionally  followed 
by  an  increase  in  the  sugar  content  of  the  vena  cava  blood, 
although  a  marked  h3rperglycemia  is  foimd  in  cases  of  the  intact 
hepatic  plexus.  They  therefore  concluded  that  there  was  no 
evidence  that  h3rperglycemia;  caused  by  stimulation  of  splanchnic 
nerve,  is  due  to  a  hypersecretion  of  epinephrine.  Oswald"  dem- 
onstrated that  though  intravenous  injection  of  iodothyreoglobulin 
has  no  effect  on  the  circulation,  this  treatment  increases  the 
effectiveness  of  epinephrine  in  raising  and  maintaining  blood  pres- 
sure.   Asher,'*  Richardson,^*  Kakehi,^*  and  Eiger''  reported  that 

•Gley,  E.,  and  Quinquaud,  A.,  Arch.  Internal.  Physiol,,  1914,  xiv,  152. 

"  Gley,  E.,  Arch.  Internal.  Physiol.y  1914,  xiv,  175. 

"  Macleod,  J.  J.  R.,  and  Pearce,  R.  G.,  Am.  J.  Physiol.,  1911-12,  xxix, 
419. 

"  Oswald,  A.,  Z.  Physiol.,  1915,  xxx,  609;  cited  by  Levy.»« 

"  Aflher,  L.,  Deutsch.  Med.  Woch.,  1916,  xxxiv,  1;  abstr.  in  Physiol.  AbsL, 
1916-17,  i,  426. 

"  Richardson,  H.  B.,  Z.  Biol,  1916,  Ixvii,  57.  Kakehi,  S.,  ibid.,  1916, 
Ixvii,  104;  both  papers  abstr.  in  Physiol.  Abst.,  1916-17,  i,  427. 

"  Eiger,  M.,  Z.  Biol.,  1917,  Ixvu,  253,  265;  abstr.  in  Physiol.  Abst.,  1917, 
ii,  269. 
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in  the  experiments  with  Laewen-Trendelenburg  frog  or  rabbit 
heart,  the  action  of  epinephrine  was  augmented  by  the  addition 
of  thyroid  extract.  In  the  same  manner,  the  plasma  of  rats  fed 
on  thyroid  and  plasma  obtained  from  patients  with  Graves'  dis- 
ease, had  a  well  marked  accelerating  action  on  vasoconstrictor 
influence  of  epinephrine.  Asher  considers  that  thyreoglandol, 
which  is  protein-free  and  practically  iodine-free,  exerts  the  same 
biological  and  metabolic  action  as  the  whole  gland.  Levy"  re- 
ported that  in  ordinary  and  adrenalectomized  cats  stimulation 
of  the  cervical  sympathetic  nerve  can  increase  the  eflfectiveness 
of  epinephrine  in  raising  arterial  pressure,  although  this  is  not  the 
case  in  thyroidectomized  cats.  He  concluded  that  thyroid  secre- 
tion renders  more  excitable  the  ;sympathetic  structures  acted  on 
by  epinephrine  in  raising  arterial  pressure,  and  the  increased 
effectiveness  of  epinephrine  as  a  pressor  agent  after  thyroid 
stimulation  is  not  dependent  on  a  greater  amount  of  circulating 
epinephrine.  On  the  other  hand,  however,  he  and  Cannon  and 
Cattell^^  obtained  some  evidence  indicating  that  stimulation  of 
the  cervical  sjonpathetic  nerve  or  epinephrine  injection  induces 
secretory  activity  in  the  thyroid  gland.  '  In  my  previous  experi- 
ments,^ when  epinephrine  was  injected  into  thyroid-fed  rabbits, 
epinephrine  glycosuria  was  induced  to  the  same  extent  as  in  con- 
trol animals;  the  hyperglycemia  being  practically  the  same  or 
somewhat  augmented. 

• 

SUMMARY. 

The  epinephrine  content  of  the  adrenals  of  normal  medium 
sized  albino  rats  is  2.2  mg.  per  gm.  of  the  gland.  Comparing 
this  figure  with  those  reported  by  other  investigators  with  larger 
animals,  the  epinephrine  content  of  rat  adrenal  is  the  nearest  to 
that  of  the  dog,  larger  than  that  of  the  cat,  and  smaller  than 
that  of  the  sheep  and  calf.  Thyroid  feeding  of  either  short  dura- 
tion with  large  doses  or  long  duration  with  small  doses  does  not 
materially  change  the  epinephrine  content,  nor  the  weight  of  the 
adrenals  of  medium  sized  albino  rats.  If  hypersecretion  of  the 
adrenals  really   exists  in  experimental  hyperthyroidism,  these 

"Levy,  R.  L,,  Am,  J.  Physiol.,  1916,  xli,  492. 

»7  Cannon,  W.  B.,  and  Cattell,  McK.,  Am,  J.  Physiol,,  1916,  xli,  74, 
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results  indicate  that  the  excess  of  epinephrine  is  promptly  trans- 
ported into  the  circulation,  the  epinephrine  content  of  the  ad- 
renals being  kept  fairly  constant.  The  presence  of  such  a  regu- 
latory mechanism  might  well  be  expected  from  the  experiments 
of  Elliott  and  Stewart  and  Rogoflf. 
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The  Influence  of  Thyroid  Feeding  upon  the  Hydrogen  Ion  Concen- 
tration and  the  AVcali  Reserve  of  the  Blood  Plaema, 

The  influence  of  acid  and  alkali  upon  carbohydrate  metabolism,  with 
respect  to  glycosuria,  blood  sugar  content,  and  glycogen  content  of  the 
liver,  has  been  discussed  by  many  investigators.  Edie  and  his  coworkers^ 
reported  that  the  glycosuria  foimd  after  partial  asphyxiation  is  due  to  the 
high  percentage  of  carbon  dioxide  in  the  respired  air.  MacLeod*  demon- 
strated that  h3rperglycemia  and  glycosiuia  in  asphyxia  and  ciu-are  poison- 
ing are  due  to  the  mobilization  of  liver  glycogen  and  that  here  the  blood 
acts  directly  upon  the  liver  cells  without  any  intermediation  of  the  nerv- 
ous system.  Estimating  the  rate  of  disappearance  of  glycogen  from  pieces 
of  liver,  both  in  an  atmosphere  of  carbon  dioxide  and  in  air  or  oxygen, 
he  also  found  that  glycogenolysis  is  more  rapid  in  the  former  than  in  the 
latter.  Administering  hydrochloric  acid  by  mouth  to  rabbits  and  also  per- 
fusing turtle  livers  with  a  solution  acidified  with  hydrochloric  acid,  Elias' 
demoilBtrated  that  a  relatively  small  amount  of  acid  can  mobilize  the  gly- 
cogen of  the  liver  and  cause  h3rperglycemia  and  glycosuria.  Studying  the 
adrenal  histologically,  he  considered  that  these  glands  have  no  direct  rela- 
tions to  the  glycogen  mobilization  caused  by  acid.  Elias  and  Kolb^  have 
also  concluded  that  the  so  called  "hunger  diabetes''  of  young  dogs,  is, 
in  part  at  least,  a  condition  due  to  acidosis,  as  indicated  by  the  lowered 
carbon  dioxide  content  of  the  blood  and  of  the  alveolar  air.    The  word 

1  Edie,  E.  S.,  Biochem.  J.,  1906,  i,  455.  Edie,  E.  S.,  Moore,  B.,  and 
Roaf,  H.  E.,  ibid.,  1911,  v,  325. 

*  Macleod,  J.  J.  R.,  Am.  J.  Physiol.,  1908-09,  xxiii,  27$. 
» Elias,  H.,  Biochem.  Z.,  1913,  xlviii,  120. 

*  Elias,  H.,  and  Kolb,  L.,  Biochem.  Z.,  1913,  lii,  331. 
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Acidosis  is  used  to  express  an  actual  increase  in  the  hydrogen  ice  concen- 
tration of  the  blood  as  well  as  a  lowering  of  the  alkali  reserve.  It  has 
been  pointed  out  that  free  carbon  dioxide  is  present  in  the  body  fluids  in 
«uch  concentration  that  it  automatically  converts  iofto  bicarbonates  all 
bases  not  bound  by  other  acids.  In  acidosis  the  concentration  of  bicar- 
bonate in  the  blood  is  always  reduced  below  the  normal  level.  As  a  sensi- 
tive indicator  of  this  condition  and  its  severity,  the  carbon  dioxide  capacity 
of  the  plasma  was  determined  by  Van  Slyke  and  Cullen.* 

Since  thyroid  feeding  can  decrease  the  glycogen  content  of  the 
Jiver  very  easily,  possibly  acidosis  pla3n3  some  r61e  here. 

Methods, 

Pull  grown  rabbits  were  used.  3  gm.  of  desiccated  thyroid, 
suspended  in  water,  were  given  by  a  stomach  sound  every 
afternoon.  Oats  or  greens  (cabbage  and  carrot  tops)  were 
given  as  food.  As  shown  by  Sherman  and  Gettler,*  and  Mc- 
Danell  and  Underbill,^  the  kind  of  food  has  a  marked  influence 
^pon  the  acid-base  equilibrium  of  the  organism.  Attention  to 
tthis  was,  therefore,  paid  both  in  the  preparatory  and  the  thyroid 
period.  When  greens  were  given,  the  th)rroid-fed  rabbits  con- 
tinued to  take  them  until  the  later  part  of  the  thyroid  period  in 
about  the  same  quantities  as  in  the  preparatory  period.  In  the 
case  of  the  oat  diet,  the  appetite  of  the  animal  was  greatly  af- 
fected by  th)rroid  feeding.  They  stopped  eating  this  food  in  a 
few  dajrs.  As  control  experiments,  therefore,  rabbits  were  fasted 
and  others  were  fed  on  desiccated  animal  tissue  other  than  thy- 
roid, no  other  food  being  added.  As  such  a  tissue  powder,  a 
mixture  of  desiccated  spleen,  kidney,  and  parotid  gland  in  equal 
proportions  was  used.  The  amount  and  the  method  of  adminis- 
tration of  this  powder  were  the  same  as  in  thyroid  feeding. 
The  urine  was  examined  for  protein  and  casts  from  time  to  time. 
The  hydrogen  ion  concentration  of  the  blood  was  determined 
by  Marriott's  method.*  1  cc.  of  oxalated  venous  blood  was 
used  for  dial3n3is.  After  comparing  the  color,  produced  by  phe- 
nolsulfonephthalein,  with  the  standard  colors,  the  dialjrsate  was 

» Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  J,  Biol.  Chem,,  1917,  xxx,  289. 

•  Sherman,  H.  C,  and  Gettler,  A.  O.,  /.  Biol.  Chem.,  1912,  xi,  323. 

^  McDaneU,  L.,  and  Underbill,  F.  P.,  /.  BioL  Chem,,  1917,  xxix,  233. 

•  Marriott,  W.  McK.,  Arch,  Inl,  Med,,  1916,  xvii,  840. 
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vigorously  aerated,  and  the  reaction  thus  changed,  which  now 
served  as  an  index  of  the  alkali  reserve  of  the  blood,  was  again 
estimated  colorimetrically.  The  CO2  capacity  of  the  plasma  was 
determined  by  Van  Slyke  and  CuUen's  method,^  the  larger  size 
apparatus*  being  used.  The  results  were  calculated  so  that  they 
showed  cc.  of  CO2  reduced  to  0°C.,  and  760  mm.  Hg,  bound  as 
bicarbonate  in  100  cc.  of  the  plasma.  The  blood  was  collected 
from  the  external  jugular  vein  by  a  needle  connecting  to  a  cannula 
passing  to  the  bottom  of  a  centrifuge  tube  containing  potassium 
oxalate  and  a  layer  of  paraflSn  oil.  No  anesthetic  was  used. 
During  the  operation  the  rabbit  was  kept  quiet  so  as  not  to  dis- 
turb the  circulation  and  respiration.  8  or  9  cc.  of  the  venous 
blood  were  collected  at  once.  After  mixing  with  the  oxalate, 
part  of  it  was  taken  out  for  dialysis  and  the  rest  was  centrifuged 
for  obtaining  the  plasma.  The  same  vein  could  be  used  for  sev- 
eral punctures.  But  if  thrombosis  occurred,  the  vein  on  the 
other  side  was  used.  The  blood  was  examined  usually  in  the 
morning.  When  this  was  done  twice  a  day,  the  first  examination 
was  made  in  the  morning  and  the  second  one  in  the  afternoon 
after  thyroid  feeding.  On  the  first  experin^ental  day,  the  blood 
examination  was  made  before  changing  foodstufiFs  or  before  the 
first  thyroid  feeding.  The  results  of  this  day,  therefore,  can  be 
considered  the  normal  value.  The  results  are  shown  in  Tables 
I  and  II,  and  Charts  I  and  II. 

From  these  results  it  will  be  seen  that  the  hydrogen  ion  con- 
centration of  the  normal  rabbit  blood  is  pH  7.35  to  7.5.  The 
kmd  of  food  caused  no  noteworthy  difference.  After  aeration 
of  the  dialysate  the  value  became  pH  8.1  to  8.2.  Levy  and  his 
coworkers*®  reported  that  pH  of  the  oxalated  blood  from  normal 
men  varies  from  7.4  to  7.6.  This  is  nearly  the  same  as  my  re- 
sults with  the  rabbit  blood.  When  thyroid  was  given  to  the 
oat-fed  rabbits,  the  hydrogen  ion  concentration  of  the  blood 
slightly  increased  (the  maximum,  pH  7.25  to  7.3).  In  the  blood 
of  acidosis  patients.  Levy  and  his  coworkers^®  observed  a  reac- 
tion of  pH  7.1  to  7.4;  therefore  nearly  the  same  degree  of  acidosis 
as  found  in  my  thyroid-fed  rabbits.    A  slight  decrease  of  the 

•  Van  Slyke,  D.  D.,  7.  BioL  Chem.,  1917,  xxx,  347. 
*•  Levy,  R.  L.,  Rowntree,  L.  G.,  and  Marriott,  W.  McK.,  Arch.  Int, 
Med.,  1916,  xvi,  389. 
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TABLE  1. 

The  Influence  of  Thyroid  Feeding  upon  the  Hydrogen  Ion  ConcentrcUion  of 

the  Blood  and  the  Alkali  Reserve  of  the  Blood  Pkuma, 

Series  A,    Oats  Given  Freely, 


1 

1 

"0^ 

^ 

5 

1 

1 

1 

& 

1 

1 

Ofcts. 


] 

Blood. 

i 

1 

PH 

1 

i 

H 

1" 

5" 

Remarks. 


Rabbit  I.  (Before  experiment  oats  only  were  given  freely  for  5  days.) 


kg. 

gm. 

gm. 

cc. 

1 

3.06 

3 

60 

7.45 

8.1 

52.2 

116 

Urine:  protein  — ,  casts  -. 

2 

3 

14 

7.45 

8.1 

48.0 

130 

3 

3 

0 

7.35 

8.0 

45.2 

100 

4 

3 

0 

7.35 

8.0 

40.9 

106 

5 

3 

0 

7.30 
7.25 

7.9 
7.9 

30.5 
28.7 

52 

Urine:  protein  -h,  casts  +. 
Died  on  the  6th  day. 

Rabbit  II.  (Before  experiment  oats  only  were  given  freely  for  5  days.) 


1 

2.48 

3 

52 

7.45 

8.1 

53.2 

93 

Urine :  protein  - 

-,  casts  — . 

2 

3 

38 

7.45 

8.1 

57.0 

80 

3 

3 

10  . 

7.45 

8.1 

57.9 

65 

4 

3 

0 

7.45 

8.1 

47.0 

69 

5 

2.09 

0 

0 

7,25 
7.25 

8.0 
8.0 

29.6 
29.6 

81 

Urine:  protein  «*=,  casts  —  ► 

6 

0 

Oat  3         and 

7.45 

8.1 

29.6 

78 

7 

0 

greens  were 

7.45 

8.1 

43.8 

102 

8 

2.13 

0 

given  freely. 

7.45 

8.1 

60.7 

99 

Recovered. 

Rabbit  III.  (Before  experiment  oats  only  were  given  freely  fot  5  days.)* 


1 

1.62 

3 

43 

7.35 

8.1 

51.0 

87 

Urine: protein  — ,  casts  -- 

2 

3 

5 

7.35 

8.1 

151 

3 

3 

0 

7.35 

8.1 

44.3 

131 

4 

3 

0 

7.35 

8.1 

43.3 

126 

5 

3 

0 

7.35 

8.1 

43.2 

92 

Urine: protein  — ,  casts  -. 

6 

1.30 

3 

0 

7.35 

8.1 

37.5 

82 

7 

0 

0 

7.3 

8.1 

29.5 

? 

Died  on  8th  day. 

Rabbit  IV.  (Before  experiment  oats  and  greens  were  given  freely  for  5 

days.) 


1 

2.10 

3 

34 

7.5 

8.2 

62.3 

154 

Urine:  protein  — ,  casts  -. 

2 

3 

24 

140 

3 

3 

0 

7.4 

8.2 

42.9 

? 

4 

1.92 

3 

0 

91 

Urine:  protein  =^,  casts  -. 

5 

3 

0 

7.35 

8.1 

30.3 

82 

Died  on  6th  day. 
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TABLE  l-Conduded. 
Series  B,  Greens  Given  Freely. 
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1 

Blood. 

PH 

k 

1 

J 

i 

1 

1 

8 

1 

1 

|l 

l-l 

\i 

S 

Remarks. 


Rabbit  I.  (Before  experiment  greens  only  were  given  freely  for,  5  days.) 


kg. 

gm. 

u. 

1 

3.02 

3 

7.45 

8.1 

63.6 

305 

Urine:  protein  — ,  casts  — . 

2 

3 

7.45 

8.2 

63.6 

410 

3 

3 

7.45 

8.1 

60.7 

350 

4 

3 

7.45 

8.1 

55.3 

400 

5 

3 

7.45 

8.1 

46.6 

292 

6 

3 

7.45 

8.1 

48.5 

306 

7 

3 

7.45 

8.1 

52.2 

320 

Urine:  protein  — ,  casts  — . 

8 

2.20 

0 

7.46 

8.1 

43.8 

380 

Recovered  by  stopping  thyroid  feeding. 

Rabbit  II.  (Before  experiment  greens  only  were  given  freely  for  3  da3r8.> 


1 

1.34 

3 

7.5 

8.1 

61.4 

320 

Urine:  protein  — ,  casts  — . 

2 

3 

329 

3 

3 

420 

4 

3 

7.46 

8.1 

49.0 

266 

Urine:  protein  =t,  casts  — . 

5 

0.98 

3 

7.45 

8.1 

46.2 

408 

Died  on  6th  day. 

alkali  reserve  of  the  blood  was  also  found  in  some  of  the  thyroid- 
fed  rabbits,  the  aerated  blood  dialysate  having  a  reaction  of  pH 
7,9  to  8.0.  When  greens  were  given  freely  to  the  thyroid-fed 
rabbits,  such  changes  in  the  blood  reaction  could  not  be  observed. 
In  the  control  animals,  either  fasted  or  fed  with  animal  tissue 
powder,  the  hydrogen  ion  concentration  of  the  blood  remained 
almost  unchanged.  The  kind  of  food  eaten  leads  to  a  marked 
difference  in  the  CO2  capacity  of  the  blood  plasma  of  the  nor- 
mal rabbits.  When  greens  only  were  given,  the  plasma  COi 
capacity  was  61.4  to  63.6  (cc.  of  CO2,  reduced  to  0°C.,  760  mm. 
Hg,  bound  as  bicarbonate  in  100  cc.  of  the  blood  plasma),  while 
this  value  was  reduced  to  48.2  to  53.2  on  oat  diet.  When  thy- 
roid was  given  to  the  animals,  the  CO2  capacity  of  the  plasma 
gradually  decreased.     On  oat  diet  it  went  down  as  far  as  28.7 
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TABLE  II. 


The  Influence  of  Fasting  or  Feeding  Animal  Tissue  Powder  upon  the  Hydrogen 
Ion  Concentration  of  the  Blood  and  the  Alkali  Reserve  of  the  Blood  Plasma. 

Body 
weight. 

Blood. 

Urine 
volume. 

Experi- 
mental 

pH 

Plaama 

COt 
oapac- 

ity. 

Remarks. 

day. 

Before 
aerar 
tion. 

After 
aera- 
tion. 

• 

Rabbit  I.  Fasting.  (Before  experiment  oats  only  were  given  freely  for  5 

days.) 


hg. 

cc. 

1 

2.04 

7.45 

8.1 

50.1 

.60 

Urine:  protein  — ,  casts  — . 

2 

7.46 

8.1 

44.5 

73 

3 

50 

4 

7.45 

8.1 

44.7 

48 

5 

7.45 

8.1 

41.9 

63 

Urine:  protein  *,  casts  -. 

6 

7.40 

8.1 

36.0 

79 

Died  on  7th  day. 

Rabbit  II.  Fasting.  (Before  experiment  oats  and  greens  were  given  freely 

for  5  days.) 


1 

2.20 

7.5 

8.2 

62.5 

85 

Urine:  protein  — , 

casts  -. 

2 

133 

« 

3 

7.35 

8.1 

40.0 

172 

4 

? 

5 

7.35 

8.1 

39.5 

150 

Urine:  protein  — 

casts  -. 

6 

7.35 

8.1 

34.7 

136 

7 

7.35 

8.1 

34.8 

53 

8 

1.38 

Died. 

Rabbit  III.  Animal  tissue  powder  feeding,  3  gm.  per  day.    No  other  food. 
(Before  experiment  oats  only  were  given  freely  for  16  days.) 


1 

1.78 

7.45 

8.1 

48.2 

55 

Urine:  protein  — ,  casts  -. 

2 

89 

3 

7.5 

8.1 

52.9 

153 

4 

100 

5 

7.4 

8.1 

44.3 

65 

6 

73 

7 

7.4 

8.1 

41.3 

93 

8 

62 

Urine:  protein  — ,  casts  -. 

9 

1.22 

7.4 

8.1 

42.0 

Recovered  by  giving  food. 
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Experi- 
mental 
day. 


Body 
weight. 

Blood. 

Urine 
volume. 

PH 

Plaama 
CO, 

capac- 
ity. 

Before 
aera- 
tion. 

After 

aera- 
tion. 

Remarks. 


Rabbit  IV.    Animal  tissue  powder  feeding,  3  gm.  per  day.    No  other  food. 
(Before  experiment  oats  and  greens  were  given  freely  for  7  days.) 


hg. 

cc. 

1 

1.70 

7.4 

8.1 

65.3 

62 

Urine:  protein  — ,  casts  — . 

2 

55 

3 

7.4 

8.1 

45.0 

70 

4 

48 

5 

7.4 

8.1 

40.9 

59 

Urine:  protein  -fi  casts  — . 

6 

61 

7 

1.40 

7.4 

8.1 

38.5 

45 

Died  2  days  later. 

to  30.3,  while  on  green  diet  the  minimum  was  43.8  to  46.2.  In 
one  case  of  thyroid-fed  rabbits  on  the  oat  diet,  thyroid  feeding 
was  stopped  and  greens  were  freely  given  after  the  6th  experi- 
mental day.  The  CO2  capacity  of  the  plasma  increased  from 
29.6  to  60.7  in  2  days.  In  rabbits  either  fasted  or  fed  with 
animal  tissue  powder,  the  CO2  capacity  of  the  plasma  was  also 
decreased,  the  former  showing  a  more  marked  change  than  the 
latter.  The  minimum  of  the  CO2  capacity  of  the  plasma  was 
36.0  to  34.7  (fasted)  and  38.5  to  41.3  (animal  tissue  powder  fed). 
Judging  from  these  results,  it  will  be  seen  that  in  rabbits  fed 
oats,  th)a'oid  feeding  continued  for  several  days  caused  a  marked 
degree  of  acidosis,  determined  by  both  hydrogen  ion  concen- 
tration of  the  blood  and  the  CO2  capacity  of  the  plasma,  this 
disturbance,  however,  being  reparable  to  a  certain  degree  by  tak- 
ing a  large  enough  amount  of  base-forming  diet;  and  that  the 
acidosis  of  thyroid-fed  rabbits  is  greater  than  that  of  fasted  or 
animal  tissue  powder-fed  rabbits.  Goto"  reported  that  acidosis 
exists  in  uranium  nephritis.  In  some  of  my  rabbits  the  kidneys 
seemed  to  be  slightly  impaired.  As  this  change,  if  existing  at  all, 
was  very  slight,  acidosis  observed  in  my  experiments  is  probably 
not  due  to'  the  kidney  injury.    Acidosis  in  diabetes  is  reported  to 

»  Goto,  K.,  J,  Exp.  Med.,  1917,  xxv,  693. 
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Ohabt  1.    The  influence  of  thyroid  feeding  upon  the  COt  capacity  of 
the  blood  plasma. 
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be  due  to  an  overwhehningly  rapid  produjction  of  acids,  and  acido- 
sis in  nephritis  to  an  inability  to  eliminate  acids  which  are  pro- 
duced at  a  moderate  rate.  Acidosis  found  in  thyroid-fed  rab- 
bits is  probably  due  to  an  abnormal  increase  of  acid  production, 
A  shortage  of  base-forming  diet  acceleraljing  this  acidosis  markedly. 
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Chart  2.  The  influence  of  fasting  or  of  feeding  animal  tissue  powder 
upon  the  COt  capacity  of  the  blood  plasma. 

Relations  between  Epinephrine  in  the  Blood  and  Acidosis  of 
Thyroid-Fed  Rabbits. 

Recently  Peters  and  Geyelin^*  reported  that  subcutaneous  injection  of 
epinephrine  causes  a  marked  decrease  of  alkali  reserve  of  the  blood  plasma, 
in  either  diabetic  or  normal  men.  This  change  was  parallel  with  the  epi- 
nephrine hyperglycemia,  the  maximimi  of  both  being  obtained  within  3 
hours.  They  considered  that  at  least  a  part  of  the  hyperglycemia  and 
glycosuria  following  the  injection  of  epinephrine  seems  to  be  caused  by  a 
diminution  of  the  alkalinity  of  the  blood. 

«  Peters,  J.  P.,  and  Geyelin,  H.  R.,  J,  Biol,  Chem.,  1917,  xxxi,  471. 
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In  order  to  see  whether  a  diminution  of  the  all^  reserve  of 
the  blood  after  th)rroid  feeding  has  any  relation  to  epinephrme, 
Peters  and  Geyelin's  experiments  were  repeated  on  normal 
rabbits. 

Methods, — ^Adrenalin  (1:1,000  Parke,  Davis  and  Company) 
was  injected  subcutaneously  into  full  grown  rabbits  in  doses  of 
0.5  gm.  or  1  mg.  of  epinephrine  per  kilo  of  body  weight.  Before 
the*  experiments  some  rabbits  were  fed  on  oats  only,  the  others 
on  oats  and  greens  for  4  days.  Directly  before  epinephrine  in- 
jection the  animals  were  fasted  for  24  hours.  After  epinephrine 
injection  the  CO2  capacity  of  the  plasma  was  determined  as  de- 
scribed in  the  preceding  chapter.  The  urine  in  24  hours  after 
the  injection  was  collected  and  its  sugar  content  was  determined 
polariscopically.    The  details  are  shown  in  Table  III. 

TABLE  ni. 

The  Influence  of  Epinephrine*  Injection  upon  the  Alkali  Reserve  of  the  Blood 

Plasma.    Food  in  Preparatory  Period  H  Days),  Nos.  Ill  and 

VI  Oats  Only;  for  Others^  Oats  and  Greens, 


Rabbit 

It 

II 

III 

IV 
1.30 

V 

VI 

vn 

Body  weight,  kg 

2.38 

1.88 

1.70 

1  94 

1.70 

1  72 

Plasma  CO,  ca- 
pacity.   (Cc.  of 
CO  2,     reduced 
to  0°,  760  mm., 
bound    as    bi- 
carbonate    by 
100       cc.       of 
plasma.) 

Before  injec- 
tion. 

54.8 

63.2 

53.8 

53.9 

58.6 

48.5 

56.7 

Hrs.  after 
injection. 

i 

59.5 

56.7 
55.7 

507 

59.5 

1 

59.6 

49.2 

59  5 

2 

61.9 

55.6 

47.2 
54.4 

60.0 

4 

62.4 

59.5 

63.3 

7 

52.8 

137 
0.81 

58.6 

54.5 

Urine  in  24  hrs. 
after  injection. 

Volume,  cc. 
Dextrose,  gm. 

103 
1.47 

95 
0.56 

129 
0.42 

116 
0.40 

180 
0.39 

203 
1  79 

*  Epinephrine  injection,  0.5  mg.  per  kilo  of  body  weight  in  Rabbits  I 
to  VI;  1.0  mg.  in  No.  VII. 

t  The  sugar  content  of  the  blood  before  epinephrine  injection,  and  2, 
4,  and  7  hrs.  after  epinephrinie  injection  respectively  was  0.13,  0.33,  0.25, 
and  0.15  per  cent. 
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From  this  table  it  will  be  seen  that  in  normal  rabbits  epinephrine 
injection  does  not  cause  any  noteworthy  decrease  of  the  COj 
capacity  of  the  plasma.  Judging  from  the  glycosuria  and  hy- 
perglycemia, the  drug  employed  was  very  effective.  The  sugar 
estimation  in  one  case  and  my  previous  experiments^'  concerning 
the  epinephrine  hyperglycemia  show  that  the  maximal  point  of 
the  epinephrine  hyperglycemia  is  usually  obtained  from  2  to  4 
hours  after  the  subcutaneous  injection  of  epinephrine.  No 
marked  decrease  of  the  alkali  reserve  was  observed  even  at  this 
point.  So  far  as  shown  by  these  experiments,  no  evidence  was 
obtained  that  hypersecretion  of  the  adrenals  plays  any  role  in 
acidosis  found  in  thyroid-fed  animals. 

The  Influence  of  Sodium  Bicarbonate  upon  the  Decrease  of  the  Liver 
Glycogen  of  Thyroid-Fed  Rats, 

Pavy  and  Bywaters"  reported  that  the  postmortem  production  of 
sugar  in  the  liver  may  be  virtually  checked  by  the  injection  of  a* 2  per 
cent  solution  of  podium  carbonate  into  the  portal  system  of  the  living 
animal.  A  similar  effect  of  alkali  upon  the  sugar  production  of  the  liver 
was  reported  by  Pavy  and  Godden**  in  chloroform  glycosuria,  which  is 
dependent  upon  the  glycogen  supply  of  the  liver.  A  cat  was  made  glyco- 
suric  by  chloroform  anesthesia,  and  then  sodium  carbonate,  in  3  per  cent 
solution,  to  the  amount  of  0.75  gm.  per  kilo  of  body  weight,  was  injected 
into  the  femoral  vein.  This  brought  about  a  speedy  reduction  in  the 
glycosuria.  Murlin  and  Kramer^*  reported  that  in  pancreatic  diabetes, 
sodium  carbonate  decreases  glycosuria  and  that  glucose  thus  retained  is 
not  held  back  as  glycogen.  According  to  them,  sodium  bicarbonate  had 
not  the  same  effect  as  sodium  carbonate.  Underbill,*^  however,  observed 
a  very  favorable  effect  of  sodium  bicarbonate  in  decreasing  glycosuria  in 
diabetic  patients.  Feeding  normal  rabbits  on  either  base-forming  diet  (car- 
rot) or  acid-forming  diet  (grain),  McDanell  and  Underbill**  reported  that 
the  former  is  somewhat  more  efficient  in  the  formation  of  liver  glycogen  than 
the  latter. 

In  connection  with  the  rapid  decrease  of  the  liver  glycogen 
and  an  onset  of  acidosis  in  the  thyroid-fed  animals,  I  have  made 

"  Kuriyama,  S.,  J,  Biol,  Chem.,  1917,  xxix,  127. 
1*  Pavy,  F.  W.,  and  Bywaters,  H.  W.,  /.  Physiol.,  1910-11,  xli,  168. 
»  Pavy,  F.  W.,  and  Godden,  W.,  /.  Physiol,  1911-12,  xliii,  p.  vii. 
»•  Murlin,  J.  R.,  and  Kramer,   B.,  /.  Biol,  Chem.,   1916,   xxvii,  481. 
Kramer,  B.,  Marker,  J.,  and  Murlin,  J.  R.,  ibid.,  1916,  xxvii,  499. 
"  Underbill,  F.  P.,  J.  Am.  Med.  Assn.,  1917,  Ixviii,  497. 
"McDanell  and  Underbill,  ./.  Biol.  Chem.,  1917,  xxix,  255. 
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some  experiments  on  the  influence  of  alkali  upon  the  decrease  of 
the  liver  glycogen  of  thyroid-fed  animals. 

Afe^Aods.— Desiccated  thyroid  was  given  to  albino  rats  in  doses 
of  1  gm.  per  day  for  4  days.  As  the  main  food,  dog  bisouit-Iard 
paste  was  used.  0.3  to  0.4  gm.  of  sodium  bicarbonate  was  mixed 
with  the  food  every  day.  When  a  larger  amount  of  bicarbonate 
was  given,  the  animal  refused  to  eat  it.  On  the  4th  day  1  or  2 
gm.  of  sucrose  was  given  in  some  cases.  In  the  morning  of  the 
5th  day,  the  liver  glycogen  was  determined.  The  results  are 
shown  in  Table  IV. 

TABLE  IV. 
The  Influence  of  Sodium  Bicarbonate  upon  the  Decrease  of  Liver  Glycogen  of 

Thyroid-Fed  Rats. 


Rat 

I 

n 

ni 

IV 

V 

Body  weight, 

om 

255.7 

218.6 

217.4 

209.6 

230.1 

1st  day. 

Paste,  gm.... 
NaHCOs,  gm. 

8.0 
•     0.3 

6.9 
0.3 

.6.8 
0.4 

6.6 
0.4 

4.5 
0.4 

Desiccated 
thyroid 
1  gm.  -f 

2nd  day. 

Paste,  gm.... 
NaHCOs,  gm. 

6.9 
0.3 

6.6 
0.3 

7.0 
0.4 

6.0 
04 

60 
0  4 

3rd  day. 

Paste,  gm 

NaHC03,  gm. 

6.8 
0.3 

6.0 
0  3 

6.2 
0.4 

6.6 
0.4 

6  0 
0  4 

4th  day. 

Paste,  gm 

Sucrose,  gm.. 
NaHCOa,  gm. 

6  9 

0 

0.3 

6  8 
10 
0  3 

6.9 

0 

0.4 

64 
20 
04 

8  0 
0 
0  4 

Calories 

38.6 

42  2 

38.6 

44.3 

44  1 

Loss  of  body  weight,  gm. 

-8.8 

-25.8 

-24.0 

-21.5 

-21.5 

Weight,  gn 

Glycogen 
content. 

I 

9.4 
0 

6.8 
10.9 

0  2 

6  3 
Trace. 

5.7 
23.4 

0.4 

6.8 

ma 

Liver. 

[  per  cent 

0 

From  this  table  it  will  be  seen  that  under  the  experimental 
conditions  employed,  an  oral  administration  of  a  relatively  small 
amount  of  sodium  bicarbonate  does  not  specially  modify  the  de- 
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crease  of  the  liver  glycogen  of  thyroid-fed  rats.  The  kind  of 
alkali,  the  method  of  administration,  and  the  dose  must,  how- 
ever, be  taken  into  consideration.  Though  it  may  be  possible 
that  the  acidosis  in  experimental  hyperthyroidism  plays  some 
rdle  in  restraining  the  new  formation  of  liver  glycogen,  further 
investigations  are  needed  for  making  this  relation  clear. 

SUBffMARY. 

In  normal  rabbits  the  level  of  the  alkali  reserve  of  the  blood  is 
markedly  dependent  upon  the  character  of  the  food.  Though 
the  CO2  capacity  of  the  plasma  is  61  to  64  in  green  diet,  this 
value  is  reduced  to  48  to  53  on  the  oat  diet.  The  hydrogen  ion 
concentration  of  the  blood  remains  constant  with  both  kinds  of 
diet  (pH  7.35  to  7.5).  Thyroid  feeding  induces  a  noteworthy 
acidosis  in  oat-fed  rabbits  (CO2  capacity  of  the  plasma,  29  to  30; 
pH  of  the  blood,  7.25  to  7.3  before  aeration,  7.9  to  8.0  after  aera- 
tion). On  green  diet  these  changes  are  not  so  marked,  probably 
being  repaired  by  the  base-forming  character  of  the  food  (CO2 
capacity  of  the  plasma,  44  to  46;  pH  of  the  blood,  7.45). 
The  acidosis  induced  by  thyroid  in  oat-fed  rabbits  can  be  promptly 
removed  by  omitting  thyroid  from  the  diet  and  adding  greens. 
Acidosis  appears  also  in  rabbits  either  fasted  or  fed  with  animal 
tissue  powder,  but  to  a  smaller  degree  than  in  the  thyroid-fed 
animals  (CO2  capacity  of  the  plasma,  36  to  35,  and  41  to  39  re- 
spectively). Acidosis  induced  by  thyroid  feeding  is  probably 
due  to  an  increased  production  of  acids  in  the  body. 

Epinephrine  injection  into  rabbits  failed  to  cause  any  note- 
worthy acidosis.  No  evidence  was  obtained  that  the  acidosis 
found  in  thyroid-fed  rabbits  is  induced  by  hjrpersecretion  of  the 
adrenals. 

When  a  small  amount  of  sodium  bicarbonate  was  orally  ad- 
ministered into  thyroid-fed  rats,  the  decrease  of  the  glycogen 
content  of  the  liver  was  nearly  as  great  as  that  in  those  without 
any  excess  alkali. 

The  author  desires  to  express  his  thanks  to  Professor  Frank 
P.  UnderhUl  for  his  suggestions  and  interest  throughout  the 
course  of  this  and  the  two  foregoing  investigations;  also  to  Pro- 
fessor Lafayette  B.  Mendel  for  his  advice. 
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THE  STRUCTURE  OF  YEAST  NUCLEIC  ACID. 
II.    URIDINEPHOSPHORIC  ACID. 

By  p.  a.  LEVENE. 
{From  the  Laboratories  of  The  Rockefeller  InslittUe  for  Medical  Research.) 

Plate  1. 
(Received  for  publicatioa,  December  1,  1917.) 

In  a  series  of  articles  published  in  the  course  of  the  last  few 
years,  Walter  Jones^  and  his  coworkers  advanced  a  theory  on  the 
mode  of  linkage  of  the  four  nucleotides  taking  part  in  the  molecu- 
lar structure  of  yeast  nucleic  acid.  According  to  these  authors, 
the  nucleus  of  yeast  nucleic  acid  is  a  tetra-ribose  of  the  following 
structure  [(C6Hio06)4— 3  H2O].  Jones  and  his  coworkers  have 
based  their  conclusions  on  the  analysis  of  three  substances  which 
they  had  regarded  as  dinucleotides. 

In  a  previous  publication*  it  was  pointed  out  that  the  theory  of 
Jones  and  his  coworkers  was  not  the  only  possible  conclusion 
from  the  facts  presented  by  them.  It  was  further  pointed  out 
that  not  sufficient  rigor  had  been  exercised  in  proving  the  dinucleo- 
tide  structure  of  the  substances  described  by  them.  In  the  same 
publication  the  present  author  reported  in  a  preliminary  way  the 
results  of  his  own  attempts  to  fractionate  tUe  pyrimidine  nucleo- 
tides described  by  Levene  and  Jacobs.^  For  this  purpose  the 
crude  nucleotides  were  transformed  into  the  brucine  salts  and 
these  were  repeatedly  recrystallized  from  dry  methyl  alcohol. 
In  this  manner  a  substance  of  constant  composition  was  ob- 
tained. On  conversion  of  the  brucine  salt  into  a  barium  salt,  the 
composition  of  the  substance  was  not  altered.  Both  the  brucine 
and  the  barium  salt  had  the  elementary  composition  of  a  di- 

*  Jones,  W.,  and  Richards,  A.  E.,  J.  Biol.  Chem.,  1914,  xvii,  71.  Jones, 
W.,  and  Germann,  H.  C,  ibid.,  1916,  xxv,  93.  Jones,  W.,  and  Read,  B.  E., 
ibid.,  1917,  xxix,  123;  xxri,  39. 

2  Levene,  P.  A.,  J.  Biol.  Chem.,  1917,  xxxi,  591. 

'  Levene,  P.  A.,  and  Jacobs,  W.  A.,  Ber.  chem.  Ges.,  1911,  xliv,  1027;/. 
Biol.  Chem.,  1912,  xii,  411. 
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nucleotide.  And  yet,  such  a  conclusion  did  not  appear  entirely 
compelling,  and  further  attempts  at  fractionation  seemed  de- 
sirable. Cr3nstalIization  of  the  same  crude  brucine  salts  from  a 
35  per  cent  solution  of  ethyl  alcohol  was  now  resorted  to.  Pass- 
ing the  salts  through  eight  recrystallizatiops,  it  was  possible  to 
separate  them  into  two  principal  fractions.  The  less  soluble 
part  had  a  composition  of  the  salt  of  uridinephosphoric  acid  and 
the  more  soluble  that  of  cytidinephosphoric  acid.  Each  of  these 
could  be  converted  into  its  barium  salt.  The  barium  salt  of  the 
uridinephosphoric  acid  precipitated  out  of  a  concentrated  aqueous 
solution  in  the  form  of  long  needles,  aggregated  in  rosettes  re- 
sembling in  form  those  of  an  osazone.  On  the  other  hand,  the 
barium  salt  of  the  C3rtidinephosphoric  acid  appeared  under  the 
same  conditions  in  the  form  of  microscopic  gi»nules.  The  two 
salts  differed  in  their  solubDity  and  in  their  optical  rotation.  In 
this  communication  only  the  results  of  the  anal3rsis  of  uridine- 
phosphoric acid  wUl  be  reported  since  attempts  are  still  in  prog- 
ress to  obtain  the  barium  salt  of  the  cytidinephosphoric  acid  also 
in  crystalline  form.  The  piu-ity  of  the  uridinephosphoric  acid  has 
been  proven  by  the  fact  that  amino  nitrogen  could  not  be  detected 
on  the  analysis,  either  of  the  barium  salt  directly,  or  after  pre- 
vious hydrolysis.  Nor  was  it  possible  to  isolate  from  the  product 
of  its  hydrol3n3is  any  other  base  than  uracil.  The  specific  rotation 
of  the  substance  was  [a]^  =  +  3.5°. 

Thus  it  is  evident  that  the  substance  previously  described  as 
pyrimidine  dinucleotide  was  a  mixture  of  two  mononucleotides. 
This  observation  is  important  inasmuch  as  it  demonstrates  con- 
clusively that  for  the  present  there  is  no  experimental  proof 
for  the  assumption  of  a  tetra-ribose  as  the  nucleus  of  yeast 
nucleic  acid.  This,  however,  does  not  exclude  the  possibility 
that  such  proof  may  be  furnished  in  the  future.  Meanwhile  the 
structural  formula  of  yeast  nucleic  acid,  free  from  all  arbitrary 
elements,  may  be  written  in  the  following  form. 
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OHv 

O^P-CiHsO, 
OH/ 


C»H4N»0 


OH 


\r 


-3H,0 


0=P-C»H80|.C4H4N,0 

oh/ 

OHv 

O^P  -  CiHsO^  .  C4H,N,0, 
OH/ 

OHv 
0=P-C»H804.C.H4N» 

Loh/ 

•  Bottomley  has  recently  (Proc.  Roy.  Soc,j  By  1917,  xc,  39)  criticised 
the  view  expressed  by  Levene  and  Medigreceanu  {J,  Biol.  Chem,t  1911, 
ix,  375,  389)  that  the  first  phase  in  the  ensymatic  cleavage  o{  nucleic  acid 
consisted  in  the  dissolution  of  the  iinion  between  individual  mononucleo- 
tides; Bottomley  modified  the  theory,  accepting  that  the  first  phase  of 
decomposition  of  nucleic  acid  is  limited  to  its  cleavage  into  two  dinucleo- 
tides.  This  hypothesis  may  eventually  prove  correct;  however,  the  evi- 
dence furnished  by  Bottomley  is  unsatisfactory.  The  author  made  no 
attempt  to  fractionate  his  crude  material.  For  the  present  the  conclu- 
sion of  Bottomley  seems  to  us  unsustained  by  facts. 

EXPERIMENTAL. 

The  condition  of  hydrolysis  and  the  method  of  preparation  of 
the  mixed  pyrimidine  nudeotides  were  the  same  as  previously 
described.  Care  was  taken  to  keep  the  temperatm*e  of  the  oil 
bath  during  the  hydrolysis  at  100°C. 

The  crude  silver  salts  were  suspended  in  water  and  freed  from 
silver  by  means  of  hydrogen  sulfide.  The  filtrate  from  silver  sul- 
fide was  freed  from  hydrogen  sulfide  by  aeration,  then  rendered 
alkaline  by  means  of  a  solution  of  barium  hydroxide  in  order  to 
remove  the  phosphoric  acid.  The  filtrate  was  then  neutralized 
and  concentrated  at  diminished  pressure  and  at  60**C.  From  the 
concentrated  solution  the  barium  was  removed  quantitatively 
and  to  the  filtrate  brucine  in  methyl  alcoholic  solution  was  added 
until  the  originally  acid  solution  turned  slightly  alkaline  to  litmus. 
On  standing,  a  crystalline  deposit  of  the  nucleotides  formed. 

The  separation  of  the  two  nucleotides  was  brought  about  by 
recrystallization  from  35  per  cent  ethyl  alcohol.  After  eight 
recrystallizations  the  brucine  salt  of  a  pure  uridinenucleotide  was 
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obtained.  In  the  purification  of  the  brucine  salt  one  may,  to 
some  extent,  be  guided  by  its  melting  point.  The  pure  material 
on  heating  in  a  capillary  tube  first  contracts  at  183°C.  (corrected), 
then  melts,  and  finally  decomposes  at  ld8**C.  (corrected).  How- 
ever, even  after  this  phase  is  attained  it  is  advisable  to  repeat 
recrjnstallization  at  least  three  times.  The  optical  rotation  of  the 
substance  was  not  measured  because  of  its  great  insolubility  in 
water  and  in  other  solvents.  The  solubility  of  the  salt  is  greater 
in  dilute  alcohol  than  in  water,  but  the  solubility  even  in  this 
reagent  is  not  great  enough  to  permit  an  accurate  optical 
measurement. 
The  composition  of  the  brucine  salt  (No.  70)  was  the  following: 

0.1027  gm.  substance  gave  0.1998  gm.  CO?  and  0.0584  gm.  HjO. 

0.2000    "  "  "    12.0cc.of  nitrogen  at  t''  =  22**C.  and  p  =  764  mm. 

0.2000    "  "  "      0.0168  gm.  MgjPaOr. 

Calculated  for 
Ci»H«iN«P07+7Hi0:    Found: 

C 53.20  53  06 

H 6.51  6.37 

N 6.80  6.96 

P 2.52  2.37 

Conversion  of  the  Brucine  Salt  into  the  Barium  Salt, — ^The  bru- 
cine salt  was  dissolved  in  hot  water  by  means  of  an  excess  of 
ammonia  water,  and  the  brucine  was  extracted  by  means  of 
chloroform  in  a  separating  funnel.  The  aqueous  solution  of  the 
nucleotide  was  repeatedly  evaporated  to  dryness  under  dimin- 
ished pressure  with  an  excess  of  barium  hydroxide  until  all 
ammonium  was  removed.  The  residue  was  then  dissolved  by  the 
aid  of  some  sulfuric  acid,  and  to  the  solution  a  bariuna  hy- 
droxide solution  was  added  until  the  reaction  turned  slightly 
alkaline  to  phenolphthalein.  The  filtrate  from  the  barium 
hydroxide  was  concentrated  under  diminished  pressure  at  a  tem- 
perature of  the  water  bath  not  exceeding  50**C.  It  is  preferable 
to  interrupt  the  distillation  just  before  the  nucleotide  begins  to 
settle  out  while  the  distillation  is  still  in  progress,  since  in  such 
case  it  may  have  an  amorphous  appearance.  If  desired  the 
barium  salt  may  be  recrystallized  out  of  water.  When  air-dry 
the  substance  has  a  granular  appearance,  and  microscopically  it 
consists  of  rosettes  composed  of  long  needles,  as  is  shown  in  the 
figures. 
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Sample  57. 

0.1024  gm.  substance  gave  0.0888  gm.  COj,  0.0242  gm.  HjO,  and  0.0502 
gm.  Ba8P207. 

0.1015  gm.  used  for  Kjeldahl  nitrogen  estimation  required  for  neutrali- 
zation 4.47  cc.  0.1  N  acid. 

Sample  55. 

0.1422  gm.  substance  used  for  Kjeldahl  nitrogen  estimation  required 
for  neutralization  6.36  cc.  0.1  N  acid. 

0.1422  gm.  substance  gave  on  fusion  0.0348  gm.  MgiPiOj. 

0.0711    "  "  "     0.0356  gm.  BaSO*. 

Calculated  for  Found: 

C.HiiNjO.PBa:  No.  55  No.  57 

C 23.50  23.65 

H 2.41  2.64 

N 6.10  6.27             6.16 

P 6.75  6.82 

Ba 29.90  29.47 

BatPzOr 48  97  49.02 

The  specific  rotation  of  the  Ba  salt  in  a  2.5  per  cent  solution  of 
HCl  was 

Hydrolysis  of  Barium  Salt. — 9.0  gm.  of  the  barium  salt  were 
dissolved  in  100.0  cc.  of  water  to  which  13.0  gm.  of  sulfuric  acid 
were  added  and  the  solution  was  heated  for  4  hours  at  125°C. 
in  a  sealed  tube.  The  sulfuric  acid  was  removed  quantitatively 
and  the  solution  was  concentrated  under  diminished  pressure 
until  uracil  began  to  crystaUize*.  The  mother  liquor  from  uracil 
was  tested  for  amino  nitrogen  with  a  negative  result.  Also  the 
attempt  to  prepare  an  insoluble  picrafce  of  cytosine  was  unsuc- 
cessful. 

The  iu"acil  was  recrystallized  from  dilute  sulfuric  acid  and  had 
the  following  composition: 


0.0984  gm.  substance  was  employed  for  a  Kjeldahl  nitrogen  estimation 
^       and  required  for  neutralization  17.49  cc.  of  0.1  N  acid. 

Qiil^  N 25.05  24.88 

P  j,         Cytidinephosphoric  Add. — The  mother  liquor  from  the  brucine 
salt  of  the  uridinephosphoric  acid  was  concentrated  until  a  second 


Calculated  for 
CiHiNsOi:  Found: 
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cr3rstalIization  began  to  deposit.  This  second  brucine  salt  was 
converted  into  a  barium  salt,  which  had  the  composition  of  the 
salt  of  cytidinephosphoric  acid.  The  salt  deposited  in  form  of 
microscopic  globules.  Attempts  are  being  made  to  obtain  it  in  a 
crystalline  form  and,  because  of  this,  the  results  of  the  analysis 
of  the  substance  are  deferred  to  a  later  date. 
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Fig.  2. 
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THE  DETERMINATION  OF  SODIUM  AND  POTASSIUM. 

By  F.  H.  MoCRUDDEN  and  C.  S.  SARGENT. 
{From  the  Robert  B,  Brigham  Hospital y  Boston.) 

(Received  for  publicatioiii  November  26,  1917.) 

Sodium  and  potassium  can  be  separated  from  other  com- 
pounds as  NaCl  +  KCl,  and  the  amount  of  each  calculated 
from  the  chlorine  content  of  a  known  weight  of  the  mixture. 

NaCl  -h        KCl  =  8» 
||NaCl  +  ?^Ka  =  H« 

Though  the  possibilities  of  error  are  great,  the  method  is,  never- 
theless, practicable. 

The  percentage  error  in  NaCl:  percentage  error  in  CI  = 

ANaCl 
NaCl       A  NaCl.  H 


,^    AH         AH.NaCl 
100    ^ 

(ANaCl  and  AH  being  the  absolute  errol-s). 
Solving  the  first  two  equations: 

^       35.45  g 
58.50       74.56 

Differentiating  NaCl  with  respect  to  H: 
gNaCl  _         1 

«H      "  36^  _  35^ 
58.50       74.56 

Substituting  these  values,  we  get  as  percentage  error  in  sodiiun 

^  Sum. 
>  Halide. 
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Sodium  and  Potassium 


-or 


35.45       35.  W  „        35.45  q  ^"  pr       35.45  q 
58.50  "  THa       ^  ~  74.56^        ^       74.66  ° 

35.45       35.45 

58.50       74.56 

times  that  in  chlorine,'  a  value  which  increases  as  the  propor- 
tion of  sodium  in  the  mixture  diminishes. 


Magnification  of  Percentage  Error  in  Chlorine 


(n-lis)* 


NaCl :  KCl    

9:1 

8:2 

7:3 

6:4 

5:5 

4:6 

3:7 

2:8 

1:9 

Magnification 

5.0 

5.3 

6.1 

7.0 

8.1 

10.0 

13.0 

18.4 

35.8 

The  very  small  error  in  the  McLean- Van  Slyke  chloride  method* 
can  abide  such  ten-  or  twenty-folding. 

The  steps  in  the  McLean-Van  Slyke  method  are  as  follows: 
(1)  add  standard  silver  nitrate  to  solution  of  chlorides;  (2) 
make  to  definite  volume,  filter,  take  aliquot  part  of  filtrate; 
(3)  titrate  excess  of  silver  nitrate  in  aliquot  part  with  standard 
potassium  iodide. 

The  ef^or  in  measuring  the  silver  nitrate  with  a  pipette*  (ex- 
perimentally determined)  is  0.005  cc.  in  20  cc,  —  0.025  per  cent. 
(We  weighed  the  irregular  amounts  of  silver  nitrate  used  in  our 
work;  the  use  of  a  burette  at  this  point  would  multiply  several 
times  the  error  shown  in  Table  I.) 

If  no  more  than  5  per  cent  excess  of  silver  nitrate  is  added,  the 
error  in  *' definite  volume  and  aliquot  -parV^  will  be  only  5  per  cent 
of  the  actual  error  in  the  measurements  (5  per  cent  of  0.10  per 
cent  =  0.005  per  cent). 

'  The  total  chlorides  (NaCl  -h  KCl)  can  be  weighed  accurately  to 
0.1  mg.;  but  if  any  error  is  introduced  at  this  point  it  will  be  multiplied 

35.45, 


74.56 


s 


35.45. 


H  -  ^^  S  times  in  the  final  result. 
*  McLean,  F.  C,  and  Van  Slyke,  D.  D.,  J,  Am.  Chem,  Soc.,  1915,  xxxvii, 


1128. 


»  We  used  0.1  n  AgNO,  and  0.02  n  KI  (approximately). 
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Titration  Error. 


Ezperi- 
ment 
•  No. 

Weicbtof 
approximately 
0.lNAgNOi. 

Approximately 
0.02  N  KI  solution. 

KI  used  for  each 
gm.  AgNOi  solution. 

Deviation  from 
the  mean. 

1 

gm. 
1.0462 

ce. 
5.75 

ee. 
5.495 

0.032 

2 

1.0492 

6.79 

5.519 

0.008 

3 

1.0482 

5.78 

5.514 

0.013 

4 

1.0482 

5.79 

5.524 

0.003 

5 

1.0489 

5.80 

5.530 

0.003 

6 

1.0486 

5.79 

5.522 

0.005 

7 

1.0473 

5.82 

5.557 

0.030 

8 

1.0473 

5.81 

5.552 

0.025 

Averai 

re 

5.527 

0.015 

The  average  deviation  from  the  mean  was  0.015  cc;  the  extreme 
deviation  only  0.03  cc.  If  we  take  0.04  cc. — the  weight  of  one 
drop  of  potassium  iodide  solution  (average  of  six  determinations) 
— as  the  titration  error,  the  corresponding  error  in  the  (one- 
fifth  as  strong^)  silver  nitrate  wDl  be  (one-fifth  of  0.04  cc.  =) 
0.008  cc.  or  0.04  per  cent  (of  20  cc.).« 

The  error  in  sodimn  (0.2  to  0.8  per  cent)  calculated  from  a 
0.04  per  cent  error  in  chlorine  is  reasonably  close  to  that  actually 
found  by  experiment  (Table  I  and  Chart  1). 

Only  when  five  place  logarithms  are  used  is  the  computation 
error^  safely  less  than  the  analytical  error*  (Table  II,  Chart  2). 

5.8500  gm.  of  sodium  chloride  dissolved  in  water  and  made  up  to  1 
liter  weighed  1,004.1  gm.;  1  gm.  of  the  solution  contained  0.0058261  gm.  of 
sodium  chloride.  7.4600  gm.  potassium  chloride  dissolved  in  water  and 
made  up  to  1  liter  weighed  1,005.2  gm.;  1  gm.  of  the  solution  contained 
0.0074215  gm.  of  potassium  chloride." 

'  Nothing  is  gained  by  making  the  potassium  iodide  solution  either 
stronger  or  weaker;  with  a  stronger  solution  the  error  is  still  about  one 
drop — an  increase  in  the  absolute  error.  With  a  weaker  solution,  the 
absolute  error  increases  proportionately;  the  proportional  error  remains 
the  same. 

^  The  error  coming  from  not  preserving  enough  significant  figures  in  the 
calculations. 

•  "Four  place  tables  should  not  be  employed  upon  work  of  an  accur- 
acy exceeding  one-half  of  one  per  cent,"  Holman,  Computation  Rules  and 
Logarithms,  New  York,  1913,  p.  Ixxvi. 

•  The  pure  chlorides  were  made  from  the  purest  obtainable  com- 
mercial products  by  twice  precipitating  the  salts  from  saturated  aqueous 
solutions  with  hydrochloric  acid  gas.  The  quantities,  of  these  solutions 
used  in  all  analyses  were  accurately  weighed  on  the  analytical   balance. 


Digitized  by 


Lioogle 


238 


Sodium  and  Potassium 


Chlorine  Equivalence  of  1  Om,  of  Silver  Nitrale  SoltUion, 


Afrainst  NaCI. 

AcAinst  KCI. 

1 

2 
3 

Average.... 

0.0033749 
0.003374& 
0.0033764 
0.0033750 

0.0033773 
0.0033773 
0.0033746 
0.0033764 

Average.... 

0.0033757 

TABLE  I. 
Comparison  of  Calculated  and  Actual  Error, 


Parts. 

Qm.uaed. 

NaCl  found. 

Peroentace  «nor. 

NaCl 

Ka 

NaCl 

KCI 

Found. 

Galon- 

Averaffo. 

Qfn» 

gm. 

gm. 

8 

2 

0.10293 

0.022813 

0.10288 

0.05 

0.10239 

0.023311 

0.10233 

0.06 

0.09 

0.21 

0.10386 

0.023378 

0.10370 

0.15 

5 

5 

0.0640JL2 

0.067729 

0.064155 

0.22 

0.064460 

0.067476 

0.064699 

0.37 

0.33 

0.33 

0.064327 

0.067907 

0.064590 

0.4 

4 

6 

0.053420 

0.082394 

0.053620 

0.4 

0.23 

0.40 

0.052781 

0.082571 

0.052756 

0.05 

3 

7 

0.041203 

0.094061 

0.040820 

0.9 

0.8 

0.52 

0.041070 

0.093326 

0.040780 

0.7 

2 

8 

0.029556 

0.11191 

0.030209 

2.21 

0.029288 

0.11103 

0.029673 

1.31 

1.9 

0.74 

0.029487 

0.11296 

0.030147 

2.24 
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COMP/tRISON    orCAtCULATED 
WITH   ACTUAL       0 
ERROR 
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PARTS     N&CL      IN     10 

Chabt  1.  Calculated  and  actual  error.  Abscissse  =  parts  of  NaCl  in 
ten  parts  of  NaCl  -f-  KCl.  Ordinates  ==  percentage  error  in  sodium. 
Curve  «  calculated  error  in  sodium  for  0.04  per  cent  error  in  CI. 
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Sodium  and  Potassium 


TABLE  II. 
Comparison  of  CompiUcUion  Errors. 


Parts. 

NaCI 

Computation  error. 

2 
5 

6 

7 
8 

Added. 

Found. 

SUdo 
rule. 

Locarithms. 

Winch 
slide 
rule. 

Logarithms. 

Four 
place. 

Five 
place. 

i 

Four 
place. 

Five 
place. 

Six  place. 

< 

1* 

•< 

8 

5 

4 
3 
2 

gm. 
0.102924 
0.102338 
0.103862 

0.064012 
0.064460 
0.064327 

0.053420 
0.052781 

0.041203 
0.041070 

0.0295559 
0.0292872 
0.0294860 

gm. 
0.1030 
0.1028 
0.1034 

0.0650 
0.0650 
0.06455 

0.0528 
0.0528 

0.0398 
0.0405 

0.03138 
0.02984 
0.03059 

gm. 
0.1030 
0.1025 
0.1036 

0.06412 
0.06459 
0.06459 

0.05384 
0.05284 

0.04076 
0.04061 

0.03038 
0.02954 
0.03000 

gm. 
0.10288 
0.10233 
0.10370 

0.064155 
0.064699 
0.064590 

0.053620 
0.052756 

0.04082 
0.04078 

0.030209 
0.029673 
0.030147 

gm. 
0.102837 
0.102263 
0.103623 

0.0302909 
0.0297518 
0.0302259 

0.16 
0.54 
0.29 

1.3 

0.46 

0.06 

1.5 
0.1 

2.4 
0.7 

3.6 
0.3 
1.2 

0.3 

0.5 

0.8 
1.6 

1.7 

0.16 
0.24 
0.02 

0.05 
0.17 
0.0 

0.4 
0.16 

0.15 
0.4 

0.3 
0.7 
0.75 

0.14 

0.075 

0.28 
0.28 

0.58 

0.04 
0.07 
0.07 

0.27 
0.27 
0.27 

0.06 
0.27 
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COIVIPARISON    OF  COMPUTATION 

WITH    ANALYTICAL 

ERROR 
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PARTS     AkCl     iN    10 


Chart  2.  Computation  error.  Abscissse  =  parts  of  NaCl  in  ten  parts 
of  NaCl  4-  KCl.  Ordinates  =  percentage  error  in  sodium.  Full  line  = 
analytical  error.    Dotted  lines  =  computation  errors. 
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SOME  NEW  CONSTITUENTS  OF  MILK.* 

Third  Paper. 

A  NEW  PROTEIN,  SOLUBLE  IN  ALCOHOL. 

By  THOMAS  B.  OSBORNE  and  ALFRED  J.  WAKEMAN. 

With  the  Cooperation  op  Charles  S.  Leavenworth  and 
Owen  L.  Nolan. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Statiofif 

New  Haven.) 

(Received  for  publication,  December  6,  1917.) 

From  the  residue  obtained  by  concentrating  the  alcoholic 
washings  from  a  large  quantity  of  casein,  which  had  been  several 
times  dissolved  in  dilute  alkali  and  precipitated  by  dilute  hydro- 
chloric acid,  we  separated  a  not  inconsiderable  amount  of  pro- 
tein which,  like  gliadin  from  wheat  flour,  was  freely  soluble  in 
alcohol  of  50  to  70  per  cent  by  volume,  but  insoluble  in  absolute 
alcohol,  and  largely  so  in  water  containing  more  or  less  inorganic 
salts.  The  behavior  of  this  protein  towards  solvents  was  so 
similar  to  that  of  gliadin  and  so  unlike  that  of  any  protein  of  ani- 
mal origin,  hitherto  described,  that  it  seemed  worth  while  to 
study  it  in  considerable  detail.  That  it  is  distinct  from  all  of 
the  other  proteins  heretofore  obtained  from  milk  was  shown,  not 
only  by  its  behaV^ior  towards  solvents  and  the  proportion  of  some, 
at  least,  of  the  amino-acids  which  it  yields  on  hydrolysis,  but 
also  by  the  fact  that  it  does  not  react  anaphylactically  with  any  of 
these  other  proteins  although  jt  is  itself  highly  anaphylactogenic. 
That  this  protein  is  an  original  constituent  of  milk  and  not  a  prod- 
uct of  the  action  of  alkali  or  other  reagents  used  in  purifying 
casein  is  shown  by  the  fact  that  it  can  be  obtained  from  casein 
which  has  been  separated  from  milk  simply  by  the  addition  of 

*  The  expanses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington. D.  C. 
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hydrochloric  acid.  Owing  to  the  fact  that  its  acid  compounds 
are  soluble  in  water  it  can  also  be  obtained  from  milk  serum 
from  which  casein  has  been  precipitated  by  acid  and  the  coagu- 
lable  proteins  by  heat. 

From  the  purified  casein  which  has  been  prepared  in  this  lab- 
oratory we  have  obtained  large  volumes  of  dilute  alcoholic  ex- 
tracts from  which  several  hundred  grams  of  this  imique  protein 
have  been  isolated  in  the  following  manner. 

Casein  was  precipitated  with  dilute  hydrochloric  acid  from 
centrifugated  milk,  filtered  out,  pressed,  suspended  in  water,  and 
dissolved,  while  actively  stirring,  by  gradually  adding  dilute 
sodium  hydroxide  solution.  From  the  resulting  solution,  which 
was  but  slightly  alkaline  to  litmus,  the  casein  was  precipitated  by 
dilute  acetic  acid.  After  twice  reprecipitating  in  this  way  the 
casein  was  again  suspended  in  water,  dissolved  by  adding  very 
dilute  sodium  hydroxide  solution,  precipitated  by  highly  diluted 
hydrochloric  acid,  and  filtered  out  on  cheese-cloth.  A  sample 
of  the  filtrate  when  evaporated  to  dryness  left  a  residue,  chiefly 
sodium  chloride,  which  dissolved  completely  in  water,  gave  no 
biuret  reaction,  and  no  reduction  with  Fehling's  solution. 

The  moist  casein  was  then  suspended  in  about  an  equal  volume 
of  92  per  cent  alcohol,  stirred  for  a  short  time,  filtered  out  on 
cheese-cloth,  and  the  extract  filtered  clear  through  paper  pulp. 
In  this  way  we  obtained  43  liters  of  the  first  alcoholic  extract, 
which  was  acid  to  litmus  and  contained  43  per  cent  by  weight  of 
alcohol  and  350  gm.  of  solids,  muph  of  which  was  sodium  chloride. 
The  casein  was  again  stirred  up  with  more  92  per  cent  alcohol 
and  16  liters  of  a  second  extract  were  obtained  containing  54  per 
cent  of  alcohol  and  113  gm.  of  solids. 

Of  the  first  alcoholic  extract  40  liters  were  concentrated  to 
one-half,  under  diminished  pressure,  below  75*^.  The  turbid 
concentrated  extract  on  standing  deposited  on  the  bottom  of  the 
jars  a  transparent  syrupy  sediment,  A.  From  this  the  nearly 
clear  solution  was  decanted  and  concentrated  to  about  15  liters 
in  open  dishes.  On  cooling  over  night  to  room  temperature  a 
coherent  deposit,  B,  formed. 

A  and  B  were  dissolved  in  a  little  warm  70  per  cent  alcohol 
and  the  somewhat  turbid  solution  was  poured  into  several  volumes 
of  distilled  water  whereby  an  opaque  colloidal  "solution"  was 
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produced.  On  adding  a  little  sodium  chloride  a  rapidly  settling 
flocculent  precipitate  separated,  leaving  very  little  except  salt  in 
the  nearly  clear  solution.  On  standing  a  short  time  the  pre- 
cipitate contracted  to  a  coherent  mass  from  which  the  solution 
was  decanted  almost  completely. 

When  this  precipitate  was  treated  with  about  600  cc.  of  abso- 
lute alcohol  and  warmed  it  yielded  a  solution  from  which  a  very 
little  suspended  flocculent  substance  was  removed  by  filtering. 
The  filtrate  was  then  concentrated  in  vacuo  until  much  protein 
separated  in  consequence  of  the  loss  of  alcohol.  On  adding  ab- 
solute alcohol  and  warming,  a  syrupy  solution  resulted  which 
remained  clear  on  cooling.  This  was  poured  into  about  3  liters 
of  absolute  alcohol,  whereupon  most  of  the  dissolved  protein  was 
precipitated.  On  adding  a  few  drops  of  a  strong  solution  of 
ammonium  acetate  the  rest  separated,  leaving  the  solution  clear. 
The  precipitate  was  sucked  out  on  a  Buchner  funnel,  washed  twice 
with  absolute  alcohol,  and  three  times  with  absolute  ether.  When 
dried  over  sulfuric  acid  it  formed  a  snow-white,  friable  mass 
which  weighed  89  gm.  and  was  easily  reduced  to  a  fine  powder. 
This  was  designated  preparation  A. 

Solution  B,  page  244,  was  evaporated  to  about  10  liters  and 
cooled  over  night  to  room  temperature.  The  solution  was  de- 
canted from  the  coherent  deposit  which  separated.  The  latter 
was  rinsed  with  water,  dissolved  in  warm  70  per  cent  alcohol,  its 
solution  filtered  clear  through  paper  pulp,  and  concentrated  in 
vacuo,  until  much  of  the  dissolved  protein  separated.  Absolute 
alcohol  was  then  added  and  the  mixture  warmed.  A  clear  syrupy 
solution  resulted,  which  remained  clear  on  cooling.  This  was 
then  poured  into  absolute  alcohol  and  the  protein,  which  sepa- 
rated almost  completely,  was  sucked  out,  washed  with  absolute 
alcohol,  and  then  with-  dry  ether.  When  dried  over  sulfuric  acid 
46  gm.  of  preparation  B  were  obtained. 

The  solution  from  which  B  had  first  separated  was  further  con- 
centrated to  about  5  liters  and,  by  the  same  procedure  as  em- 
ployed for  B,  28  gm.  of  preparation  C  were  secured. 

The  16  liters  of  the  second  alcoholic  extract  of  the  casein, 
page  244,  were  concentrated  in  vacuo  to  about  3  liters  and  cooled 
to  room^  temperature.  Nearly  all  of  the  dissolved  protein  sepa- 
rated as  a  coherent  deposit.     When  subjected  to  the  same  treat- 
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ment  as  employed  in  making  preparation  B,  59  gm.  of  preparation 
D  were  obtained.  Preparations  A,  B,  and  C  represent  succes- 
sive fractional  precipitations,  while  D  includes  all  of  the  protein 
removed  by  extracting  the  casein  a  second  time  with  somewhat 
stronger  alcohol. 

The  following  analyses  show  no  appreciable  diflferences  be- 
tween these  several  fractions  of  this  peculiar  protein. 

Preparation A  B  C                    D 

Vtifctnt  percent  percent  percent 

Moisture  at  110^ 9.49  5.99  7.75  8.09 

Aflh 1.16  0.62  1.73  0.57 

Calcxdaied  Ash-  and  Motslnre-Pree, 

15.80        15.67  15.70  15.49 

Nitrogen 15.87        15.67  15.70  15.67 

15.88 

Sulfur 0.97         0.94  0.94  1.00 

Phosphorus 0.06         0.03  0.10  0.03 

A  composite  sample  of  these  four  preparations  was  analyzed 
for  carbon  and  hydrogen  with  the  following  results,  calculated 
moisture-  and  ash-free. 

Carbon 55.07  54.86 

Hydrogen 7.24  7.23 

A  fifth  preparation  of  this  protein  was  made  from  the  first 
and  second  alcoholic  washings  of  another  lot  of  casein  which 
had  been  precipitated  from  about  500  liters  of  milk.  The  pro- 
tein which  separated  after  cooling  the  concentrated  washings 
was  dissolved  in  a  little  warm  70  per  cent  alcohol  and  its  solu- 
tion poured  into  about  50  liters  of  cold  water.  On  adding  so- 
dium chloride  most  of  the  protein  separated.  The  precipitate 
was  collected  on  filters,  redissolved  in  warm  70  per  cent  alco- 
hol, and  the  solution  filtered  through  paper  pulp.  The  filtrate 
and  washings  (about  2  liters)  were  concentrated  in  vacuo  to 
about  800  cc.  with  sufficiently  frequent  additions  of  strong  alco- 
hol to  keep  the  protein  dissolved.  The  concentrated  solution 
was  poured  into  a  large  volume  of  absolute  alcohol  and  the 
resulting  precipitate  sucked  out,  washed  first  with  absolute 
alcohol  and  then  with  ether.  This  preparation,  E,  when  dried 
in  warm  air  weighed  112  gm.,  and  had  the  following  compositicHi. 
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percent 

Moisture 5.60 

Ash 1.12 

Ash'  and  Moisture-Free, 

Carbon 54.81 

Hydrogen 7.06 

Nitrogen 15.71  15.69 

Sxilfur 0.89 

Phosphorus 0.28 

Comparison  of  the  average  of  the  above  figures  with  the  cor- 
responding data  for  casein  shows  the  alcohol-soluble  protein  to 
contain  distinctly  more  carbon  and  sulfur  and  less  phosphorus. 

Aloohol-eoluble        Caaein. 
protein. 
per  cent  per  c^nt 

Carbon 64.91  53.11 

Hydrogen 7 .  17  7 .  05 

Nitrogen 15.71  15.65 

Sulfur 0.95  0.82 

Phosphorus 0.08  0.82 

Oxygen  (by  difference) 21.18  22.55 

100.00  100.00 

Determinations  of  the  distribution  of  nitrogen,  according  to 
Hausmann's  modified  method,  and  also  the  proportion  of  basic 
amino-acids,  according  to  Kossel  are  of  interest  since  all  known 
alcohol-soluble  proteins  of  vegetable  origin  are  characterized  by 
a  large  proportion  of  amide  nitrogen  and  a  small  proportion  of 
basic  nitrogen,  especially  of  lysine. 

The  results  obtained  were  as  follows: 

Partition  of  Nitrogen  in  the  Alcohol-Soluble  Milk  Protein, 

Preparation A  B  CD  Casein. 

per  cent    per  cent     per  cent     per  cent       per  cent 

Amide  nitrogen 1.65  1.56  1.55  1.51        1.62 

1.63  1.56  1.55  1.51 

Basic        "         2.28  2.55  2.80  2.43        3.49 

2.48  2.87 

Humin      "         0.26  0.21  0.24  0.22        0  21 

0  28  0.22 
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Amiiu>-Acid%  per  IQ/fGm,  of  Milk  Protein, 

Aloohol<4Q|pble  protdn.  CMern. 

Arginine ^2.92  3.81 

Histidine ./,  2.28  2.50 

Lysine yT..  3.08  5.95 

Tyrosine ./.....  2.47  4.50 

These  results  show  that  casein  yields  much  more  basic  nitrogen, 
as  well  as  more  arginine,  histidine,  or  lysine,  than  does  the  alco- 
hol-soluble milk  protein  and  demonstrate  that  these  proteins  are 
distinctly  diflferent  in  structure. 

The  alcohol-fioluble  protein  of  milk  does  not  3aeld  more  amide 
nitrogen,  nor  less  basic  nitrogen,  or  lysine,  than  do  most  other 
proteins,  and  in  these  respects  does  not  resemble  the  alcohol- 
soluble  proteins  of  vegetable  origin,  although  so  like  wheat 
gUadin  in  its  solubility  in  relatively  strong  alcohol. 

Further  evidence  that  this  peculiar  protein  has  no  genetic 
relation  to  casein  is  shown  by  the  results  of  anaphylaxis  experi- 
ments made  by  Professor  H.  G.  Wells  with  a  preparation  which 
we  sent  him,  and  also  with  a  preparation  of  the  casein  from  which 
the  alcohol-soluble  protein  had  been  extracted  by  dilute  alcohol. 

Sensitizing  Dose.  Intoxicating  Dose.  ResuU, 

§m,  gm.  • 

Casein 0.001              Casein 0.05  Died  in  15  min!^   W 

"      0.001                  "       0.05  "     "    5    "      ^^  , 

Alcohol-soluble  Alcoholnsol-  *. 

protem 0.001  uble  protein  0.05  "     "15    "       ) 

u              0.001  "               0.05  "     "  10    "     ^ 

"               0.001              Casein 0.05  Xo  symptoms. 

"               0.001                   "      0.05  "          " 

Since  acid  compounds  of  the  alcohol-soluble  protein  are  soluble 
in  water  it  is  probable  that  a  further  quantity  is  present  in  the 
milk  serum  from  which  the  casein  had  been  precipitated.  Ex- 
amination of  the  alcohoUc  extract  of  large  quantities  of  the  co- 
agulated protein  obtained  by  boiling  the  acid  filtrate  from  the 
casein  failed  to  reveal  the  presence  of  any  of  this  protein  therein. 

On  the  other  hand  some  was  found  in  the  filtrate  from  the 
coagulated  proteins.  Thus  20  Uters  of  milk  were  made  neutral, 
first  to  litmus  and  then  to  phenolphthalein,  and  the  precipitates 
were  successively  filtered  out.  Such  neutralization  precipitates 
contain  considerable  protein,  but  numerous  attempts  have  failed 
to  detect  the  presence  of  the  alcohol-soluble  protein  in  them. 
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The  filtrate  from  the  last  precipitate  was  made  neutral  to  litmus 
with  hydrochloric  acid  and  evaporated  until  a  large  part  of  the 
lactose  was  removed  by  successive  cr3n3tallizations.  The  mother 
liquor  (780  cc.)  was  saturated  with  anmionium  sulfate,  the  pre- 
cipitated proteins  were  dissolved  in  water,  and  an  equal  volimie 
of  satiu*ated  ammonium  sulfate  solution  was  added  which  pre- 
cipitated much  of  the  protein.  This  fraction  was  dissolved  in 
water  and  alcohol  added  to  74  per  cent  by  volume.  The  pre- 
cipitate produced  when  dried  over  sulfuric  acid  weighed  2.3  gm., 
Fraction  I. 

The  alcohoUc  filtrate  from  Fraction  I  was  treated  with  an  excess  of 
strong  alcohol  and  a  little  ammonium  acetate  solution  added, 
which  caused  a  practically  complete  precipitation  of  the  rest  of 
the  protein.  This  was  washed  by  centrifuging  with  92  per  cent 
alcohol  and  then  centrifuged  with  alcohol  of  70  per  cent  (by 
volume)  in  which  much  dissolved.  After  repeating  this  treat- 
ment three  times  a  turbid,  colloidal  solution  resulted.  On  add- 
ing five  or  six  drops  of  a  strong  solution  of  ammonium  acetate 
some  protein  was  precipitated.  This,  Fraction  II,  was  filtered 
out,  and  when  dried  over  sulfuric  acid  weighed  0.55  gm.  The 
clear  brown  filtrate  (200  cc.)  was  poured  into  a  liter  of  absolute 
alcohol,  a  few  drops  of  tlmitionium  acetate  were  added,  and  the 
flocculent  precipitate  was  centrifuged  out.  When  dried  over  sul- 
furic acid  this  fraction.  No.  Ill,  weighed  1.8  gm. 

To  determine  whether  Fraction  III  which  was  soluble  in  rela- 
tively strong  alcohol  contained  the  alcohol-soluble  protein  the 
anaphylaxis  reaction  was  used.  The  results  obtained  by  H.  Q. 
Wells  were  as  follows: 

Sensitizing  Dose.  Intoxicating  Dose.  Reaction, 

Alcohol-soluble  protein.         Alcohol-soluble  protein.         Died  in  15  min. 

u  a  u  it  "         «<    JQ     " 

Fraction  I.  u  u  j^j^ng 

««       J  *<  "  « 

Alcohol -soluble  protein.         Fraction  I.  " 

t<  4<  i«  T  " 

Fraction  III.  "        I. 

III.  "         I. 

"         III.  Alcohol -soluble  protein.  Severe. 

**  III.  "  "  Died  in  5  min. 
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These  experiments  show  that  Fraction  III  sensitized  guinea 
pigs  to  the  alcbholnsoluble  protein  obtained  from  the  alcoholic 
washings  of  casein,  but  not  to  Fraction  I.  That  no  anaphylaxis 
reaction  was  obtained  between  Fractions  I  and  III  would  at  first 
&ight  seem  strange,  for  while  the  methods  employed  for  separating 
these  fractions  might  lead  to  a  fairly  complete  separation  of  the 
alcohol-soluble  protein  from  Fraction  I  a  complete  separation  of 
the  latter  from  Fraction  III  could  hardly  be  expected.  The  failure 
of  Fractions  I  and  III  to  react  with  one  another,  however,  can 
be  explained  by  the  fact  that  numerous  anaphylaxis  experiments 
with  many  different  preparations  of  the  proteose-like  products 
which  we  have  obtained  from  milk  showed  that  these  were  mostly 
destitute  of  anaphylactogenic  power.  The  slight  reactions 
which  were  occasionally  obtained  can  now  be  easily  explained  by 
the  presence  of  the  alcohol-soluble  protein  in  some  of  the  prepa- 
rations used. 

Properties  bf  the  Alcohol-Soluble  Milk  Protein. 

The  preparations  of  the  alcohol-soluble  milk  protein  are  un- 
questionably acid  compounds,  for  when  1  gm.  is  suspedded  in 
50  cc.  of  water  2.5  cc.  of  0.1  n  NaOH  solution  are  required  to 
obtain  a  neutral  reaction  to  phenolphthalein.  A  slightly  turbid 
solution  is  thus  formed  which  becomes  distinctly  more  turbid  when 
0.5  cc.  of  0.1  N  HCl  is  added.  On  continuing  the  addition  of  acid 
up  to  1.3  cc.  a  coarse  flocculent  precipitate  separates  leaving  the 
solution  practically  clear.  At  this  reaction  very  little  remains 
dissolved. 

Conversely  when  1  gm.  is  suspended  in  50  cc.  of  water  a  tur- 
bid solution  results  in  which  a  not  inconsiderable  quantity  re- 
mains undissolved.  When  0.1  n  NaOH  solution  is  gradually  added 
the  protein  separates  in  coarse  flocks,  nearly  all  being  precipitated 
when  1.2  cc.  has  been  added;  i,e,j  at  the  same  reaction  as  that 
at  which  it  separates  on  adding  acid  to  the  solution  neutralized 
to  phenolphthalein.  When  an  equal  volume  of  absolute  alcohol 
is  added  most  of  the  suspended  protein  dissolves  after  vigorous 
stirring.  On  standing,  the  slightly  turbid  solution  deposits  a 
transparent  varnish-like  layer  which  is  readily  soluble  in  warm 
70  per  cent  alcohol,  but  from  which  a  part  separates  on  cooling 
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to  20°.  On  adding  water  to  this  transparent  deposit  it  becomes 
opaque  and  fails  to  dissolve.  Possibly  this  less  soluble  frac- 
tion is  an  acid  compound  which  diflfers  from  the  more  soluble 
part  in  the  kind  or  quantity  of  combined  acid.  The  solution  in 
aloohol  of  50  per  cent  by  volume  remains  clear  on  adding  alcohol 
to  70  per  cent  at  about  20°.  The  solubilitj^  in  alcohol  of  various 
degrees  of  concentration  depends  much  on  the  temperature. 
Below  30°  the  solubility  rapidly  diminishes.  When  suspended  in 
water  containing  a  very  little  acetic  acid  the  alcohol-soluble 
milk  protein  dissolves  completely.  This  solution  becomes  opales- 
cent when  heated  to  about  45°  and  at  80°  is  milk-white,  but 
no  flocculent  coagulum  separates  on  boiling.  When  an  equal 
volume  of  absolute  alcohol  is  then  added  a  water-clear  solution 
results  at  once.  When  this  clear  solution  is  poured  into  water 
an  abundant  separation  occurs.  If,  instead  of  alcohol,  sodium 
chloride  is  added,  no  visible  separation  of  particles  takes  place, 
but,  on  standing,  the  solution  separates  into  strata  of  differing 
opacity  and  an  oily  deposit  slowly  forms  which  is  readily  soluble 
in  relatively  strong  alcohol. 

Dissolved  in  very  dilute  acetic  acid  this  protein  yields  a  volu- 
minous precipitate  on  adding  potassium  ferrocyanide. 

It  gives  strong  tryptophane,  Millon's,  and  biuret  reactions. 

From  the  behavior  of  this  protein  towards  water,  and  its 
reaction  with  potassium  ferrocyanide  it  is  evident  that  it  is  not 
to  be  considered  as  belonging  to  any  group  of  the  proteoses. 
Its  preeminent  solubility  in  relatively  strong  alcoholic  solutions 
distinguishes  it  from  any  type  of  protein  heretofore  discovered 
in  animal  tissues  or  products.     The  possible  existence  of  pro-'V 


teins  of  similar  solubility  ought  to  be  considered  whenever  the 
complete  removal  of  protein  is  necessary  for  the  isolatioi 
non-protein  nitrogenous  substances  of  animal  origin. 
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STUDIES  IN  THE  METABOLIC  CHANGES  INDUCED, 
BT  ADMINISTRATION  OF  GUANIDINE  BASES. 

I.    INFLUENCE  OF  INJECTED  GUANIDINE  HYDROCHLORIDE 
UPON  BLOOD  SUGAR  CONTENT. 

By  C.  K.  WATANABE. 

{From  the  Laboratory  of  Pathological  Chemistry ,  School  of  Medicine,  and  the 

Sheffield  Laboratory  of  Physiological  Chemistry^  YaU 

University,  New  Haven,) 

(Received  f6r  publication,  December  13,  1917.) 

It  is  indicated  in  the  work  of  many  former  investigators  that 
there  exists  an  intimate  relation  between  idiopathic  tetany  and 
disturbed  parathyroid  fmiction.  The  fact  that  the  symptoms  of 
tetany  and  tetania  parathyreopriva  are  almost  identical  has  had 
experimental  confirmation. 

Paton  and  Findlay  (1)  confinned  the  results  of  former  workers  in  a 
series  of  critical  investigations,  in  which  they  found  that  true  tetany  de- 
veloped* only  after  complete  parathyroidectomy  and  that  when  one  ex- 
ternal parathyroid  was  left  with  its  blood  supply  intact,  no  symptoms,  or 
at  most  transient  tremors,  appear. 

Many  hypotheses  concerning  the  cause  of  tetany  have  been  proposed, 
especially  from  the  standpoint  of  parathyreopriva.  One  states  that  the 
lack  of  the  parathyroid  produces  a  toxic  substance  in  the  body,  or  the 
normal  function  of  this  gland  is  to  neutralize  the  toxins  formed  during 
normal  metabolism.  The  other  concerns  the  deficiency  of  some  essential 
substance  in  the  blood  and  tissues,  especially  calcium,  which  exerts  an 
inhibition  on  the  hyperexcitability  of  the  nerves.  It  is  well  known  that 
injection  of  calcium  salts  removes  the  symptoms  for  a  time,  but  that 
bleeding  and  transfusion  of  saline  solution  (2,  3)  and  that  bleeding  followed 
by  injection ^of  an  indifferent  solution  free  from  calcium  (Ringer's  solu- 
tion) (4)  have  the  same  effect.  These  facts  seem  to  point  out  that  the  Ca 
deficiency  is  not  the  true  cause.  Beebe's  experiments  in  which  he  reduced 
the  symptoms  by  injection  of  the  extracts  of  parathyroids  (5)  and  of  the 
nucleoprotein  of  parathyroids  (6),  lead  us  to  believe  that  the  symptoms 
are  due  to  some  poison  produced  as  a  consequence  of  normal  metabolism 
incident  to  the  removal  of  the  parathyroid.  Recently  Paton  and  Findlay 
(7)  suggested  that  in  tetany  some  toxic  substances,  especially  guanidine 
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and  methyl  guanidine,  exert  a  hyperexcitability  on  the  nerves.  Methyl 
guanidine  was  first  isolated  from  normal  human  urine  as  the  aurochloride 
by  Kutscher  and  Lohmann  (8)  in  1906  and  later  by  Engeland  (9).  Achelis 
(10)  isolated  it  from  normal  dog  urine  as  the  picrolonate.  The  quantities 
found  by  the  above  three  investigators  correspond  to  about  0.007  gm.  of 
th^  gold  salt  per  liter.  Koch  (11)  detected  methyl  guanidine  in  the  urine 
of  a  dog  which  had  been  subjected  to  parathyroidectomy.  In  this  case 
as  much  as  1.9  gm.  per  liter  of  the  gold  salt  of  the  drug  were  found.  Jn 
his  second  paper  (12)  he  described  more  fully  the  occurrence  of  methyl 
guanidine  and  some  of  the  other  toxic  bases  in  the  urine  in  five  parathy- 
roidectomized  dogs  and  stated  that  in  all  cases  that  he  studied  he  found 
methyl  guanidine.  In  those  cases  in  which  the  quantity  of  methyl  guani- 
dine was  small,  other  guanidine  bases  were  present  so  that  he  considered 
the  quantity  of  guanidine  nitrogen  to  be  constant  in  all  cases.  Bums 
and  Sharpe  (13),  using  more  satisfactory  methods  than  former  workers, 
carefully  determined  the  guanidine  and  methyl  guanidine  in  the  blood 
and  urine  of  dogs  after  parathyroidectomy  and  reported  a  marked  in- 
crease. They  found  an  increased  content  of  guanidine  and  methyl  guan- 
idine in  the  urine  of  children  suffering  from  idiopathic  tetany.  They  com- 
pared normal  and  abnormal  dogs  and  showed  an  increase  in  guanidine  of 
90  per  cent  in  blood  and  40  per  cent  in  the  urine  after  parathyroidectomy. 
In  the  urine  of  children  in  condition  of  active  tetany  there  was  an  increase 
of  500  per  cent  per  liter  over  the  normal.  Such  an  increase  of  a  spasmodic 
agent  as  guanidine  suggests  the  cause  of  the  development  of  the  symptoms 
of  tetany. 

Paton  and  Findlay  (7)  demonstrated  with  careful  observation  on  rab- 
bits that  the  s3anptoms  of  tetania  parathyreopriva  are  identical  with 
those  produced  by  the  administration  of  the  salts  of  guanidine  and'methyl 
guanidine. 

In  addition  to  the  above  workers,  Underbill  and  others  published  a 
series  of  papers  on  carbohydrate  metabolism  in  thyreoparathyroidecto- 
mized  dogs.  Hirsch  (14),  Eppinger,  Falta,  and  Rudinger  (15),  and  Pari 
(16)  demonstrated  that  the  assimilation  limit  for  dextrose  given  by  mouth 
or  subcutaneously  is  lowered  in  tKyreoparathyroidectomized  dogs.  Un- 
derbill and  Saiki  (17)  also  reported  that  thyreoparathyroidectomized  dogs 
are  incapable  of  utilizing  subcutaneously  introduced  dextrose.  They 
show  a  lessened  oxidation  or  glycolysis  and  also  a  decreased  ability  to 
transform  dextrose  into  glycogen.  Underbill  and  Hilditch  (18)  observed 
that  when  the  thyroids  and  all  the  parathyroids  attached  are  removed 
from  dogs,  the  ability  to  assimilate  sugar  is  decreased.  When  the  thyroid 
alone  is  extirpated  this  ability  is  not  impaired.  They  consider  that  the 
thyroid-parathyroid  mechanism  stands  in  intimate  connection  with  car- 
bohydrate metabolism  and  that  the  parathyroids  are  the  more  active  agents 
in  this  connection.  Underbill  and  Blatherwick  (19)  found  that  during 
the  tetany  aft^r  thyreoparathyroidectomy,  glycogen  entirely  disappeared 
from  the  liver  and  that  the  blood  sugar  content  was  markedly  lowered. 
They  attribute  this  phenomenon  to  the  lack  of  parathyroid  tissue  since 
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this  action  may  be  observed  only  after  entire  parathyroidectomy  and  not 
when  the  removal  of  the  thyroid  leaves  the  parathyroids  intact.  Underbill 
and  Blatherwick  (20)  also  demonstrated  that  this  hypoglycemia  can  be 
restored  to  normal  temporarily  and  the  tetany  abolished  for  a  time  by  the 
injection  of  calcium  lactate. 

From  the  work  of  Paton  and  Findlay  (1)  it  appears  that  the 
symptoms  of  idiopathic  tetany  are  identical  with  those  of  tetania 
parathyreopriva  and  that  in  both  conditions  there  is  an  increased 
excretion  of  guanidine  base  (13)  which  is  a  well  known  convulsant 
toxin.  The  injection  of  such  drugs  induced  the  almost  identical 
symptoms  of  tetania  parathyreopriva  (7).  Therefore,  it  is  pos- 
sible that  the  chief  cause  of  tetany  is  the  production  of  relatively 
enormous  quantities  of  guanidine  bases  in  the  body  as  a  result 
of  the  impairment  of  the  parathyroid  function.  Furthermore,  if 
these  guanidine  bases  are  the  sole  source  of  the  symptoms  of 
tetany  it  seems  interesting  to  inquire  whether  there  is  any  cor- 
relation between  the  hypoglycemia  produced  by  the  parathyroid- 
ectomy and  the  guanidine  content  of  the  blood. 

The  present  investigation  deals  with  the  influence  of  the  injec- 
tion of  guanidine  bases  upon  carbohydrate  metabohsm,  especially 
the  sugar  content  in  the  blood. 

Methods. 

Rabbits  were  used  in  this  investigation.  Blood  was  usually  drawn 
from  the  ear  vein  before  and  after  the  subcutaneous  injection  of  a  10  per 
cent  solution  of  guanidine  hydrochloride.  McDanell's  (21)  modification 
of  the  Lewis-Benedict  method  was  used  for  the  estimation  of  sugar  in  the 
blood  and  Fehling's  test  for  sugar  in  the  urine.  Duplicate  determina- 
tions were  done  on  the  blood  sugar  to  avoid  technical  errors.  It  was  neces- 
sary to  take  some  blood  samples  at  night.  In  this  case  the  specimen  was 
immediately  evaporated  to  dryness  with  the  picric  acid  and  determined 
colorimetrically  the  following  morning.  All  specimens  were  evaporated 
to  dryness  with  picric  acid  immediately  on  being  drawn  in  order  to  avoid 
disappearance  of  sugar. 

For  the  determination  of  total  solids,  the  blood  was  drawn  from  the  ear 
vein  into  a  weighed  crucible  and  dried  to  constant  weight  in  an  electric 
oven.  About  2  cc.  of  blood  were  used  for  this  determination  and  the 
sample  for  the  blood  sugar  determination  was  taken  at  the  same  time. 
Comparison  was  made  between  normal  rabbits  and  rabbits  which  had 
been  injected  with  guanidine. 

To  determine  the  sublethal  dose  of  guanidine  hydrochloride 
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we  used  six  rabbits  and  carefully  observed  the  symptoms  after 
the  injection  of  various  quantities  of  guanidine.  The  following 
table  shows  that  0.2  gm.  per  kilo  of  body  weight  is  suitable  for 
this  purpose.  As  a  rule  all  the  rabbits  which  were  used  in  the 
present  work  had  neither  food  nor  water  for  24  hours  after  the 
injection.    Immediately  after  the  injection  the  rabbits  usually 

TABLE  I. 
Symptoms  after  Injecting  Various  Doses  of  Ouanidine  Hydrochloride, 


^ 

Goan- 

h 

D»te. 

Weight. 

idino 
per 

iak>. 

Time  of 
injeotion. 

Symptoms  and  remarks. 

1017 

gm. 

gm. 

1 

June  26 

2,606 

0.10 

2.07  p.m. 

No  syroptoms,  recovered. 

2 

"     27 

2,500 

0.15 

2.15    " 

3.30  p.m.  Dyspnea,  twitching  of 
head,  jerking  of  head  back- 
wards and  forwards,  tremor  in 
extremities,  lying  down  with 
hind  legs  stretched.  Symptoms 
disappeared  by  5  p.m.  Recov- 
ered. 

3 

"     28 

2,700 

0.20 

2.23    " 

No  symptoms  except  slight  dys- 
pnea.   Recovered. 

4 

"     28 

2,500 

0.25 

10.50a.ro. 

11 . 30  a.m.  Lying  down  with  hind 
legs  stretched,  d3rspnea,  chat- 
tering of  teeth,  jerking  of  head. 
Symptoms  disappeared  by  1 
p.m.    Died. 

5 

"     28 

2,800 

0.30 

10.55    " 

Quiet.  No  other  symptoms. 
Died. 

6 

"     29 

2,600 

0.40 

11 

12.30  p.m.*  Lying  down  with  hind 
legs  stretched,  sometimes 
twitching  of  extremities,  es- 
pecially hind  legs.  Paralysis 
appeared  later  in  legs.  Con- 
vulsions.   Died. 

run  about  because  of  the  irritation  produced  by  the  injected 
drug.  They  remain  quiet  thereafter  until  the  typical  tetany 
symptoms  appear — usually  1  to  IJ  hours  after  the  injection.  In 
some  cases  in  which  small  doses  were  administered  the  animal 
remained  quiet  and  depressed;  in  other  cases  the  animal  became 
restless  and  showed  slight  dyspnea.    When  large  doses  were 
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administered  the  following  symptoms  appeared  almost  without 
exception,  though  usually  not  all  in  {he  same  ral>)[>it:  dyspnea, 
depression,  emaciation,  twitching  of  head  and  legs,  continuous 
jerking  of  head  backwards  and  forwards,  chattering  of  the  teeth, 
fine  tremor  of  the  muscles,  fibrillous  tremor  of  extremities,  opis- 
thotonus, nystagmus  following  convulsion,  extension  of  the  hind 
legs,  diarrhea,  salivation,  and  disturbance  of  equiUbrium. 

Hypoglycemia  after  Injection  of  Ouanidine  Hydrochloride. 

At  first  we  administered  0.15  gm.  per  kilo  of  body  weight  to 
Rabbit  7  and  0.2  gm.  per  kilo  of  body  weight  to  Rabbit  8  at  9.10 
a.m.  and  kept  them  both  under  observation  until  the  following 
day.     The  first  few  hours  samples  were  taken  every  hour  and  later 

TABLE  II. 
Hypoglycemia  after  the  Injection  of  Guanidine  Hydrochloride, 


.f 

Date. 

^ 

is 

Blood  suiear. 

z 

2 

a 

a 

d 

6 

d 

a 

a 

a 

d 

i 

00 

Next 

day 

at 

9  a.m. 

d 

•< 

7* 
8 

1917 

June  30 
July    2 

2,220 
2,240 

gm.^ 
0.15 

0.20 

0.101 
0.121 

per 
cent 

0.100 

0.112 

ptr 
cent 

0.122 
0.125 

per 
cent 

0.124 
0.127 

per 
cent 

0.100 
0.108 

per 
cent 

0.098 
0.111 

per 
cent 

0.085 
0.100 

per 
cent 

0.077 
0.101 

per 
cent 

0.073 
0.054 

per 
cent 

0.099 
0.081 

cent 
0.095 

at  intervals  of  a  few  hours.  In  Rabbit  7  mild  hypoglycemia  was 
first  observed  5  hours  after  injection  and  continued  until  the 
next  morning,  whereas  No.  8  first  showed  a  marked  hypogly- 
cemia at  8.10  p.m.  which  continued  until  the  next  morning  when 
the  rabbit  died  in  convulsions. 

The  following  group  of  rabbits  was  used  to  confirm  the  above 
phenomena,  the  blood  samples  being  drawn  at  intervals  of  a  few 
hours  in  this  case.  Twelve  out  of  twenty-one  showed  hypogly- 
cemia, some  of  them  showing  a  reduction  of  more  than  half  the 
normal  blood  sugar.  Three  cases  were  suspected  but  six  cases 
show  negative  results.  We  later  confirmed  the  fact  that  in  these 
negative  cases  the  dose  was  not  large  enough  to  induce  hypogly- 
cemia. The  urine  of  the  rabbits  of  this  group  was  tested  but  none 
showed  any  sugar.    In  most  eases  hypoglycemia  appears  7  hours 


Digitized  by 


Google 


258 


Studies  in  Metabolism.    I 


after  the  injection  and  usually  continues  several  hours.  Twelve 
of  the  twenty-one  died  following  the  injection;  some  of  them  sev- 
eral hours  after  injection  with  typical  convulsions,  most  of  them 
during  the  following  night,  while  a  few  of  them  died  within  a  few 
days.  In  all  cases  the  condition  of  the  cage  showed  that  the  ani- 
mals died  in  convulsions.    Although  the  cases  in  which  hjrpo- 

TABLE  in. 
First  Injection  of  Guanidine, 


4 

Date. 

Weight. 

go 

Blood  Bucar. 

'    ■«-» 

1 

6 

a 

d 

d 

oo 

N^xt 

at 
»a.m. 

1917 

gm. 

gm. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

percent 

23 

Aug.    15 

1,960 

0.30 

0.115 

0.173 

21 

8 

1,520 

0.25 

0.093 

0.098 

0.080 

0.058 

0.056 

0.053 

22 

"       14 

2,080 

0.25 

0.107 

0.116 

0.103 

0.106 

0.098 

0.073 

0.070 

24 

"       17 

1,830 

0.25 

0.111 

0.139 

0.100 

0.073 

0.024 

31 

Sept.  29 

1,400 

0.20 

0.117 

0.057 

0.048 

30 

"       29 

1,600 

0.20 

0.115 

0.080 

0.072 

0.068 

29 

"       27 

2,540 

0.20 

0.111 

0.084 

0.083 

0.067 

0.100 

27 

Aug.   24 

2,600 

0.20 

0.120 

0.053 

26 

"       25 

1,600 

0.20 

0.120 

0.099 

0.111 

0.043 

18 

5 

1,520 

0.20 

0.113 

0.143 

0.132 

0.103 

0.057 

0.039 

0.086 

14 

July    22 

1,740 

0.20 

0.120 

0.123 

0.104 

0.069 

0.074 

0.057 

0.105 

15 

"       23 

1,520 

0.20 

0.100 

0.105 

0.094 

0.067 

0.081 

0.073 

0.095 

19 

Aug.     6 

1,920 

0.20 

0.110 

0.143 

0.147 

0.110 

0.115 

0.094 

0.100 

25 

"       23 

2,000 

0.20 

0.200 

0.108 

0.118 

0.103 

28 

Sept.  27 

2,300 

0.20 

0.125 

0.127 

0.167 

0.129 

0.129 

10 

July    18 

1,700 

0.15 

0.118 

0.148 

0.134 

0.074 

0.065 

0.056 

0.111 

12 

"       19 

1,480 

0.15 

0.104 

0.127 

0.112 

0.116 

0.115 

0.080 

0.101 

13 

"       21 

1,520 

0.15 

0.103 

0.113 

0.115 

0.120 

0.113 

0.092 

0.096 

16 

"       24 

1,300 

0.10 

0.111 

0.122 

0.119 

0.114 

0.107 

0.094 

0.120 

17 

"       29 

1,900 

0.05 

0.122 

0.123 

0.123 

0.129 

0.117 

0.100 

0.116 

20 

Aug.     7 

1,440 

0.05 

0.103 

0.105 

0.102 

0.107 

0.099 

0.102 

0.104 

glycemia  occurs  usually  terminate  fatally,  three  rabbits  showing 
hypoglycemia  recovered.  The  dose  which  was  injected  in  this 
group  varied  from  0.05  gm.  to  0.3  gm.  per  kilo  of  body  weight. 
None  of  the  rabbits  that  received  under  0.1  gm.  per  kilo  of  body 
weight  showed  hypoglycemia  and  by  careful  inspection  of  the 
table  it  will  be  observed  that  the  hypoglycemia  provoked  is  almost 
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proportional  to  the  dose  of  the  drug  administered.  Rabbit  2a, 
however,  received  the  largest  dose  and  this  died  before  show- 
ing hypoglycemia.  In  the  successive  samples  of  blood,  from  each 
rabbit  we  notice  that  in  the  first  and  second  samplets  after  injec- 
tion of  the  drug  the  sugar  content  shows  an  increase  over  that  in 
the  sample  taken  before  injection. 

On  the  surviving  rabbits  a  second  injection  of  a  little  larger 
dose  than  the  first  was  performed  after  time  had  been  allowed 
for  recovery  from  the  first  injection.    In  all  cases  except  Nos. 

TABLE  IV. 
Second  Injection  of  Guanidine. 


1 

Date. 

Weight. 

1 

Blood  sugar. 

a 

<6 

a 

a 

c8 

a 

d 

C4 

a 
ft 

a 
ft 

00 

Next 

day 

at 

9  a.m. 

mr 

gm. 

gm. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

1 

July 

8 

1,880 

0.25 

0.111 

0.142 

0.154 

0.140 

0.120 

0.096 

0.123 

7 

« 

10 

2,080 

0.30 

0.109 

0.196 

0.171 

0.173 

0.150 

0.096 

0.096 

9 

ti 

14 

2,260 

0.25 

0.152 

0.125 

0.091 

0.095 

0.098 

0.143 

11 

u 

16 

1,800 

0.25 

0.125 

0.143 

0.104 

0.099 

0.095 

0.095 

0.125 

12 

« 

31 

1,280 

0.25 

0.111 

0.102 

0.093 

0.104 

O.lll 

0.087 

14 

Aug. 

2 

1,440 

0.30 

0.103 

0.049 

16 

« 

3 

1,320 

0.20 

0.136 

0.176 

0.170 

0.171 

0.136 

0.101 

0.116 

17 

« 

4 

1,520 

0.20 

0.127 

0.137 

0.154 

0.131 

0.124 

0.120 

0.125 

18 

*< 

12 

1,220 

0.30 

0.109 

0.074 

19 

u 

13 

1,400 

0.25 

0.107 

0.154 

0.125 

0.122 

0.107 

0.111 

20 

It 

16 

1,620 

0.20 

0.108 

0.150 

0.127 

0.122 

0.106 

0.088 

14  and  18  there  was  no  hypoglycemia — the  exceptions  showing 
hypoglycemia  just  before  they  died  in  convulsions. 

In  consideration  of  these  facts  we  may  say  that  all  rabbits  will 
also  show  hypoglycemia  after  injection  of  the  second  dose  of  the 
drug,  if  the  dose  is  large  enough,  though  in  this  case  they  will 
die.  It  is  interesting  to  note  that  the  second  injection  of  a  large 
dose  of  guanidine  provokes,  in  most  cases,  a  hyperglycemia  a 
few  hours  after  administration  and  it  is  more  marked  than  that 
appearing  after  the  first  injection.  In  these  animals  there  is  no  gly- 
cosuria and  most  of  them  died  the  following  night  in  convulsions. 

A  third  injection  was  performed  on  the  survivors  of  the  second 
injection  after  an  interval  of  1  or  2  weeks.    Of  these  only  No.  11 
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shows  hypoglycemia  and  this  appears  just  before  the  fatal  ter- 
minal convulsion.  There  was  marked  hyperglycemia  for  a  few 
hours  after  injection  in  this  group  of  rabbits  and  only  No.  19 
recovered.  There  was  no  sugar  m  the  urine.  It  is  worthy  of  note 
that  Rabbit  19  was  injected  five  times  at  intervals  of  1  or  2 


• 

TABLE  V 

, 

Third  Injection  of  Guanidine. 

» 

Date. 

Weight. 

is 

Blood  sugar. 

1 

S 

S 

Ok 

OS 

& 
d 

d 

*   e 

d 

00 

N««t 

day 
at 

9  a-n. 

m? 

gm. 

gm. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

percent 

3 

July    12 

2,500 

0.25 

0.122 

0.169 

0.145 

0.143 

0.109 

0.119 

11 

"      30 

2,100 

0.30 

0.106 

0.078 

16 

Aug.   10 

1,120 

0.30 

0.108 

0.200 

0.204 

0.148 

0.131 

0.122 

0.111 

17 

"       U 

1,780 

0.30 

0.115 

0.221 

0.182 

0.133 

0.108 

0.141 

19 

"       28 

1,880 

0.25 

0.121 

0.200 

0.167 

0.137 

0.124 

0.111 

0.104 

TABLE  VL 

Five  Experiments  with  Rabbit  19, 

- 

Date. 

Weight. 

•1^ 

Blood  sugar. 

1 

C8 

S 

a 

6 

S 

B 

S 

Nest 

day 

Ko 

M 

•3 

«i 

(8 

d 

d 

a 

d 

at 

w^ 

6-^ 

•*     • 

a> 

S 

M 

^ 

•O 

00 

«a.iii. 

1917 

per 

per 

per 

per 

per 

per 

Pffr 

pv 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

1 

Aug.     6 

1,920 

0.200.110 

0.143 

0.147 

0.111 

0.115 

0.094 

0.100 

2 

"       13 

1,400 

0.250.107 

0.154 

0.125 

0.122 

0.107 

0.111 

3 

"       28 

1,880 

0.250.121 

0.2000.167 

0.137 

0.124 

0  111 

0.104 

4 

Sept.  11 

1,850 

0.25 

0.1130.1330.084 

0.064 

0.091 

0  088 

0.127 

5 

"       25 

1,800 

0.250.119] 

0.087 

0.067 

0.070 

0  100 

weeks  and  that  no  hypoglycemia  occurred  the  first  three  times. 
The  fourth  and  fifth  injections  provoked  a  marked  hypoglycemia. 

Duration  of  Hypoglycemia  Which  Is  Induced  by  Guanidine 
Administration, 

Usually  the  hypoglycemia  appears  7  hours  after  injection  of  the 
drug  and  continues  several  hours  through  the  night  which  fact 
makes  it  impossible  to  take  samples  until  the  next  morning  when 
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8      =" 

i 

a: 

CI 


<  -a 


I 


1 

i 

1 

Jerking  backwards  of  head, 
irritable,  dyspnea. 

Sensitive     but     no     other 
symptoms. 

Very  sensitive,   convulsion 
continued   10  min.   At  9 
a.m.      took     blood    and 
killed. 

11 

1    s    §    SSiiii    i    s    i 

1^       d       d       c>  c>  G  c>  o  c>       d       d       d 

■U 

gm. 

0.2  at  10  p.m. 
0.1  at   7  a.m. 

1 

^SaSa    ,5'S.5>.8a     a55a 

<Ssid^o3                       a                     ^'o3          d.Je3 

i 

3 

«3 

No   symptoms    until   2nd 
injection. 

Dyspnea,  fibrillous  tremor, 
twitching  of  head,  some- 
times convulsion. 

Strong  convulsion. 

At  2.30  p.m.  strong  con- 
vulsion, continued  about 
10  min.  Following  morn- 
ing found  dead. 

11 

p«r  cent 

0.096 

0.100 

0.104 
0.111 

0.091 
0.091 
0.069 
0.062 

0.067 
0.045 

11 

gm. 

0.2  at  10  p.m. 
0.1  at    9  a.m. 

0.05  at  4  p.m. 

1 

1917 

Oct.  16 
5  p.m. 

Oct.  17 
7  a.m. 

10    " 
12  m. 

2  p.m. 
4    " 

7  " 
10  " 
Oct.  18 

7  a.m. 

3  p.m. 
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the  sugar  content  has  reached  the  normal  level.  Then  we  tried 
to  inject  at  8  p.m.  and  to  take  our  first  sample  early  in  the  morn- 
ing. At  first  three  rabbits  were  employed  and  after  0.1  to  0.15 
gm.  per  kilo  of  body  weight  was  injected,  no  change  of  blood  sugar 
was  observed  except  in  No.  19  which  was  doubtful.  The  dose 
was  probably  not  large  enough  to  produce  hypoglycemia.  We 
took  four  more  rabbits  and  injected  0.2  to  0.25  gm.  per  kilo  at 
10  p.m.  We  took  our  first  samples  the -next  morning  but  none  of 
them  showed  hypoglycemia.  Another  0.1  gm.  per  kilo  was  then 
injected  into  two  rabbits  and  from  2  p.m.  until  the  following  day, 
over  24  hours,  marked  hypoglycemia  was  observed.  Since  the 
above  dose  is  enough  to  induce  hypoglycemia,  the  inference  is 
drawn  that  the  manipulation  in  taking  the  blood  or  the  excita- 
tion of  the  animals  accelerates  the  production  of  hypoglycemia. 

The  Relation  of  Total  Solids  in  the  Blood  to  the  Blood  Sugar  Content, 

The  question  arose  whether  this  diminution  in  blood  sugar  was 
due  merely  to  the  dilution  of  the  blood  or  to  the  effect  on  the 
sugar-regulating  mechanism.  To  make  this  point  clear  the  esti- 
mation of  total  solids  of  the  blood  was  made. 

The  following  table  shows  that  when  samples  were  taken  from 
normal  rabbits  during  12  hours  the  variation  in  sugar  content 
was  much  smaller  than  the  variation  in  total  solids. 

After  a  few  days  the  same  rabbits  were  used  for  injecting  the 

TABLE  vin. 
Normal  Variation  of  Total  Solid  and  Sugar  Percentage  in  Blood. 


Rabbit  No. 

Date. 

0  a.m. 

2  p.m. 

7p 

.m. 

Sugar. 

Solid. 

Sugar. 

SoUd. 

Sugar. 

Solid. 

1917 

per  cent 

per  cent 

percent 

per  cent 

percent 

percent 

25 

Aug.    19 

0.116 

16,4 

0.111 

16.4 

0.114 

15.8 

26 

"       20 

0.115 

17.4 

0.105 

16.0 

0.108 

15.1 

26 

"       22 

0.125 

15.3 

0.126 

14.8 

0.122 

13.8 

27 

"       21 

0.114 

18.8 

0.108 

18.3 

0.110 

16.6 

28 

Sept.  21 

0.123 

16.1 

0.123 

15.4 

0.125 

15.3 

29 

"       21 

0.104 

16.6 

0.111 

15.8 

0.103 

14.9 

30 

"       23 

0.106 

16.2 

0.111 

15.5 

0.116 

14.8 

31 

"       23 

0.111 

15.2 

0.114 

14.8 

0.105 

14.5 

Average. 

0.114 

16.5 

0.114 

15.9 

0.113 

15.1 
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guanidine.  One  other  rabbit  was  used  also  which  later  was  in- 
jected twice  more.  One  sample  for  comparison  was  taken  before 
injection.  In  some  animals  the  dose  is  not  large  enough  to  pro- 
duce hypoglycemia.  In  those  animals  in  which  hypoglycemia 
appeared  the  total  solids  in  the  blood  remained  normal.  It  is 
worthy  of  note  that  the  variation  in  total  solids  in  the  same  rab- 
bit is  practically  the  same  in  experiments  tabulated  in  Table 
VIII  as  in  those  in  Table  IX.  In  Rabbit  19  hypoglycemia 
appeared  only  after  the  second  and  third  injection  when  the  total 
solids  remained  the  same  as  after  the  first  injection. 

TABLE  IX. 

Variation  of  Total  Solid  and  Sugar  Percentage  in  Blood  before  and  after  Guani- 
dine Injection, 


6 

Date. 

Guanidine  in- 
jection per  kilo 
of  body  weight 
at  7  a.m. 

7  a.m. 

2  p.m. 

3  p.m. 

4  p.m. 

6  p.m. 

8  p.m. 

Z 

1 

per 

cent 

0.200 

•6 

1 

1 

-6 

1 

1 

1 

i 

CQ 

1 

1 

1 

1 

per 
cent 

0.103 

1 

25 

t9t7 

Aug.   23 

gm. 
0.20 

per 
cent 

15.1 

per 
cent 

0.108 

per 
cent 

16.3 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

0.118 

per 
cent 

15.5 

14.4 

27 

"       24 

0.20 

0.120 

16.9 

0.063 

18.5 

28 

Sept.  27 

0.20 

0.125 

15.2 

0.167 

14.8 

0.129 

14.6 

29 

«       27 

0.20 

0.111 

16.5 

0.084 

0.087 

16.0 

0.083 

15.4 

0.067 

16.0 

30 

"       29 

0.20 

0.115 

16.0 

0.080 

15.8 

0.072 

14.6 

0.068 

13.9 

31 

"       29 

0.20 

0.117 

15.5 

0.057 

15.9 

0.048 

17.5 

19 

Aug.   24 

0.25 

0.121 

15.4 

0.137 

15.3 

0.124 

14.4 

0.111 

13.7 

19 

Sept.  11 

0.25 

0.113 

16.40.064 

16.2 

0.091 

15.2 

0.088 

15.4 

19 

«       25 

0.25 

0.119 

16.5 

0.069 

17.3]0.070 

16.9 

Tetania  parathyreopriva  and  idiopathic  tetany  are  almost 
identical  in  the  character  of  their  symptoms,  such  as  electric  ex- 
citability, increased  mechanical  excitability,  depression,  emacia- 
tion, spasticity,  tremor,  convulsion,  laryngeal  spasm,  etc.,  ac- 
cording to  many  workers.  According  to  Burns  (22)  there  is  a 
striking  resemblance  between  the  metabolic  evidences  of  tetania 
parath3rreopriva  and  the  injection  of  guanidine.  Burns  and 
Sharp>e  (13)  demonstrated  the  increased  guanidine  base  in  the 
urine  of  children  which  manifested  symptoms  of  idiopathic  tet- 
any and  also  in  the  urine  and  blood  of  animals  which  had  symp- 
toms of  tetania  parathyreopriva.    Moreover,  the  serum  of  para- 
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thyroidectomized  animals  acts  upon  the  muscle  of  frogs  in  the 
same  way  as  do  dilute  solutions  of  guanidine  (23).  The  admin- 
istration of  the  salts  of  guanidine  to  animals  induces  symptoms 
abnost  identical  with  those  of  tetania  parathyTeopriva(7).  The 
above  evidence  strengthens  the  view  that  a  function  of  the  para> 
th3rroids  is  the  regulation  of  the  metabolism  of  guanidine  in  the 
body  and  that  the  guanidine  thus  produced  controls  the  tone  of 
the  muscle  as  mentioned  by  Paton  and  Findlay  (24). 

The  results  of  the  present  investigation  show  that  the  hypo- 
glycemia which  is  manifested  in  tetania  parathyreopriva,  as 
shown  by  Underbill  and  Blatherwick  (19),  can  also  be  produced 
by  the  injection  of  guanidine  hydrochloride.  The  hypoglycemia 
manifested  after  parathyroidectomy  may  be  a  secondary  mani- 
festation of  guanidine  poisoning. 

The  hyperglycemia  induced  several  hours  after  administration 
of  the  drug,  especially  after  the  second  and  third  injection,  may 
be  considered  to  be  due  to  the  disturbance  of  respiration  since  it 
is  well  known  that  dyspnea  induces  an  increase  in  the  sugar 
content  of  the  blood. 

CONCLUSIONS. 

The  administration  of  guanidine  hydrochloride  into  rabbits 
induces  symptoms  which  are  almost  identical  with  those  of  tetania 
parathyreopriva.  At  the  same  time  hypoglycemia  is  induced 
which  also  occurs  after  the  removal  of  the  parath3a-oid.  There- 
fore the  hypoglycemia  resulting  from  the  lack  of  parathyroid 
may  be  due  to  the  action  of  guanidine  which  is  increased  in  the 
blood  under  these  conditions. 

The  hypoglycemia  induced  by  injection  of  guanidine  is  not  due 
to  the  diminution  of  total  solids  or  to  the  dilution  of  the  blood. 

The  author  acknowledges  his  indebtedness  to  Professor  F.  P. 
Underbill  for  suggestions  and  advice  in  carrying  out  this  work. 
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MATHEMATICAL  FORMXTLAS  AND  ACID   EXCRETION. 

By  GEORGE  D.  BARNETT. 

{From  the  Medical  Division  of  the  Stanford  University  Medical  School, 
San  Francisco.) 

(Received  for  publication,  December  5,  1917.) 

The  application  of  mathematical  formulas  in  the  attempt  to 
elucidate  biological  processes  has  lately  furnished  us  with  laws, 
quantitative  relationships,  constants,  and  indices  which  might 
seem  to  leave  little  to  be  desired.  Some  of  us,  however,  have 
been  inclined  to  question  the  value  of  certain  of  these  laws,  par- 
ticularly as  appUed  to  the  excretion  of  a  variety  of  substances 
by  the  kidney,  not  only  on  account  of  the  positive  contrary  evi- 
dence brought  forward,  but  also  on  the  ground  that  we  believe  it 
improbable  that  our  present  knowledge  is  suflScient  to  permit  us 
to  express  the  complexities  of  kidney  activity  with  mathematical 
accuracy. 

An  analysis  of  the  data  presented  in  the  recent  paper  x)f  Fitz 
and  Van  Slyke^  on  acid  excretion  affords  a  specific  basis  for  crit- 
icism of  one  such  mathematical  relationship.  In  this  paper  the 
authors  search  for  a  "quantitative  relationship  ....  be- 
tween the  alkali  reserve  of  the  blood  plasma,  as  measured  by  the 
combining  power  for  CO2,  and  the  rate  of  acid  excretion  by  the 
kidneys,"  and  arrive  at  the  conclusion  that  the  combined  formula 
developed  by  Ambard  for  urea  and  for  chloride  excretion  is 
applicable  here  in  the  form 


.-so-^l- 


Plasma  CO,  =  80  -  W-~  V  C 

where  D  is  the  excretion  rate  for  acid  plus  ammonia,  C  their 
concentration  in  the  urine,  and  W  the  weight  of  the  individual. 
They  adopt  this  form  as  an  expression  of  the  true  quantitative 
relationship  only  after  trials  of  various  modifications,  concluding 

»Fitz,  R.,  and  Van  Slyke,  D.  D.,  J.  Biol  Chem.,  1917,  xxx,  389. 
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that  it  holds  "more  consistently  than  any  other  expression  which 
could  be  found  in  the  hteratiu^  or  devised."  In  their  develop- 
ment they  note,  for  instance,  that  the  fourth  root  of  C  has  been 
retained  because  the  square  root  gave  too  much  and  the  sixth  root 
too  little  influence  to  the  factor  C.  Now  since  it  does  not  appear 
from  any  ordinary  inspection  of  the  values  of  C  given  that  it 
can  have  any  appreciable  influence,  it  would  seem  logical  to  re- 
vise the  formula,  replacing  C  by  a  constant.  Thus  it  is  possible 
to  arrive  at  the  formula 


,,  =  80. 5^^ 


Plasma  CO. 


whose  calculated  values  for  plasma  CO2  for  the  76  observations 
given  show  an  average  deviation  from  the  found  values  of  5.45 
volumes  per  cent  compared  with  6.99  volumes  per  cent  by  the 
original  formula.  That  is  to  say,  the  results  average  1.5  volumes 
per  cent  better  if  instead  of  using  the  fourth  root  of  C  we  use  the 
figure  5.  Therefore  we  must  conclude  that  the  "influence'*  of  C 
in  this  formula  is  negUgible,  and  that  consequently  the  corollary 
statement  made  by  the  authors  that  **  other  factors  being  the  same, 
the  amount  of  acid  excreted  in  excess  of  mineral  bases  is  increased, 
on  the  average,  as  the  square  root  of  the  volume  of  urine"  must 
also  be  revised;  for  it  is  apparent  that  as  far  as  we  may  con- 
clude from  this  equation  the  acid  excretion  is  quite  independent 
of  the  volume  of  urine. 
We  may  further  omit  W,  and  devise  the  form 

Plasma  CO,  =  80  -  0.7  \/T> 

which  will  also  give  results  more  closely  approximating  the  found 
values  of  CO2  than  those  derived  from  the  Ambard  type  of 
formula. 

Or  if  we  wish  to  make  use  of  the  anmionia  excretion  rate  only, 
it  will  be  found  that  from  the  equation 

Plasma  CO2  -  80  -  0.9  VnH, 

(where  NH3.  is  the  amount  of  0.1  n  anunonia  excreted  per  24 
hours)  we  can  Ukewise  calculate  the  index  of  blood  bicarbonate 
with  considerably  greater  precision  and  with  much  less  mathe- 
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matical  effort.  And  so  on.  ft  would  no  doubt  be  possible  to 
evolve  many  other  forms  equally  applicable.  The  following  table 
smnmarizes  the  comparative  merits  of  the  Ambard  type  of  formula 
and  the  three  modifications  suggested. 

No.  of  errors 
greater  than  10 
Formula.  Average  deviation,     volumes  per  cent. 

vcl.  ptreent 


3.-80-^1 


CO,  -  80  -  -|/--  V  C  6.99  15 


■^§ 


CO,  « 80-5  W—  5.45  11 

CO,  -  80  -  0.7  Vd  5.85  12 

CO,  -=  80  -  0.9  \/nH,  6.35  11 

While  it  is  thus  apparent  that  many  formulas  can  be  derived 
which  show  a  certain  degree  of  applicability  to  the  facts  of  acid 
excretion,  it  does  not  at  all  follow  that  they  are  to  be  regarded 
as  true  quantitative  relationships.  Certainly  before  we  accept 
any  formula  as  such  we  must  justify  it  further  than  by  the  mere 
statement  that  "the  margin  of  error  ta  be  accepted  in  this  in- 
stance appears  to  be  about  10  volumes  per  cent  of  plasma  COj." 
For  certainly  if  the  relationship  be  a  true  one  this  margin  of  errqr 
must  bear  some  fairly  close  relation  to  the  deviation  produced 
by  possible  errors  in  the  ori^al  observations.  Suppose,  then, 
in  the  original  formula  above,  we  allow  an  error  of  5  per  cent  in 
determining  urinary  acidity,  a  similar  error  in  determining  am- 
monia, 2.5  per  cent  error  each  in  measuring  urinary  volume  and 
the  weight  of  the  individual,  and  6  per  cent  error  in  determining 
plasma  bicarbonate,  all  of  which  are  much  greater  than  the  errors 
of  the  methods  involved.  If  such  maximal  errors  occurred  in 
every  urinary,  weight,  volume,  and  CO2  determination  in  the  en- 
tire series  and  always  occurred  in  such  a  manner  as  to  make 
their  effects  additive,  the  error  deviation  of  the  calculated  from 
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the  found  COj  would  be  less  'than  5  volumes  p)er  cent,*  or  consid- 
erably less  than  the  average  deviation  found  by  the  best  of  the 
above  laws. 

From  this  brief  analysis  we  must  therefore  conclude  that  the 
Ambard  type  of  formula  cannot  be  regarded  as  a  quantitative 
relationship  between  the  variables  of  acid  excretion,  and  that  no 
mathematical  expression  so  far  devised  can  lay  claim  to  even  a 
moderate  degree  of  accuracy  as  such.  Furthermore,  it  seems 
obvious  that  such  formulas  constantly  give  the  impression  of 
mathematical  accuracy  where  none  exists,  and  that  their  use  is 
apt  to  prove  misleading  to  the  many  who  are  inclined  to  accept 
them  without  question. 

SUMMARY. 

In  criticism  of  the  application  of  the  Ambard  type  of  formula 
to  acid  excretion,  it  is  shown  that: 

1.  Substitution  of  constants  for  certain  of  the  variables  leads 
to  an  improvement  in  the  calculated  results. 

2.  The  average  deviation  of  calculated  from  foimd  values  of 
plasma  COi  is  much  greater  than  would  result  from  maximal 
additive  errors  in  all  thh  determinations  involved. 


Id  ,- 

•Under  the  influence  of  the  assumed  errors  the  quantity '^•— V^ 
becomes  W    '  \  n  ^^  w'  ^^"P^^^^^^K  which  we  obtain 

From  this  source  the  error  in  volumes  per  cent  of  calculated  CX)j 
will  thus  be  6  per  cent  of  'w-^  V  C*  Allowing  also  a  6  per  cent  error  in 
the  COt  determination,  the  greatest  possible  maximal  deviation  will  be 
0.06  f  COt  +  W:^  V  c)  ,  and  since  by  the  given  law  CO,  +  W:^  VS=  ^0, 
this  becomes  4.8  volumes  per  cent. 
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STUDIES  OF  ACroOSIS,    X, 

By  DONALD  D.  VAN  SLYKE. 
{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication^  December  31,  1917.) 

The  present  paper  includes  a  reply  to  Bamett's  (1)  critique 
in  the  preceding  article  and  a  summary  showing  the  nature  of 
the  results  obtained  with  the  methods  for  estimating  alkaline 
reserve  from  urine  and  alveolar  air  analyses. 

Fitz  and  the  writer  (2)  succeeded  recently  in  demonstrating  a 
quantitative  relationship  between  the  alkaline  reserve  and  the 
excretion  of  acids  in  excess  of  fixed  base,  as  measured  by  am- 
monia plus  tilratable  acid  in  the  urine.  The  empirical  formula 
utilized  to  demonstrate  the  relationship  was,  plasma  CO2  =  80  — 

-=  y/C,  D  representing  the  cc.  of  0.1  n  titratable  acid  and 

ammonia  excreted  per  24  hour  time  unit,  and  C  (concentration) 
the  amount  excreted  per  liter. 

Bamett  states  the  belief  that  this  formula  does  not  express  the 
relationship  between  plasma  bicarbonate  and  acid  excretion  with 
sufficient  accuracy  to  justify  its  \ise.  The  reason  for  this  opinion 
is  that  the  results  show  that  the  average  error  in  calculating  the 
plasma  bicarbonate  from  the  excretion  exceeds  that  which  would 
result  from  maximal  analytical  errors  in  all  of  the  determina- 
tions involved.  This  seems  to  us  insufficient  ground  for  the 
criticism.  The  essential  question,  for  our  purpose,  is  not  whether 
the  plasma  bicarbonate  can  be  estimated  from  urine  excretion 
with  no  error  except  that  of  the  chemical  determinations,  but 
whether  the  total  sum  of  the  errors  of  analysis,  individual  varia- 
tion in  kidney  function,  and  fault  in  the  empirical  formula  is 
within  such  limits  that  the  excretion  may  be  of  any  assistance  in 
estimating  the  alkaline  reserve  when  conditions  prevent  the  direct 
determination  of  the  latter  in  the  blood. 

We  have  given  in  Papers  IV  (2)  and  VI  (3)  data  which  show 
the  limits  of  accuracy  encountered  in  estimating  plasma  bicar- 
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bonate  from  acid  excretion  in  practically  every  form  of  diabetic 
acidosis.  It  does  not  appear  to  us  that  a  valid  reason  has  been 
advanced  for  modif3dng  the  conclusion  based  on  those  data; 
viz.,  that  the  ammonia  plus  acid  excretion  is  quantitativdy  re- 
lated to  the  bicarbonate  deficit  in  the  blood,  and  that  the  rela- 
tionship is  sufficiently  imiform  to  be  useful  in  estimating  this 
deficit  when  the  limitations  of  accuracy,  as  shown  by  our  data, 
are  taken  into  consideration. 

Bamett's  claim  that  all  the  variables  of  the  formula  except  the 
two  most  important  ones,  the  blood  bicarbonate  and  ammonia 
excretion,  may  be  replaced  by  a  constant  without  significantly 
diminishing  the  average  accuracy  of  the  formula,  would  likewise 
appear  to  us,  even  if  ctatirely  justified,  to  detract  nothing  from 
the  correctness  of  the  above  conclusion. 

Any  simplification  in  the  calculation  not  resulting  in  loss  of 
accuracy  would  be  an  improvement,  however,  and  therefore  it  is 
desirable  to  examine  somewhat  closely  the  formula  minus  one, 
two,  and  three  of  its  variables  in  order  to  decide  how  many  of 
them  may  be  deleted  without  lessening  the  reliability  of  results. 

Concerning  the  dropping  of  C,  thereby  simplifying  the  formula 

Plasma  CO,  =  80  -  ^/^  V  C  to,  Plasma  COj  =  80  -  5  ^~, 

we  agree  with  Barnett  that  it  makes  the  equation  not  only 
simpler,  but  also  measurably  more  accurate  and  is  therefore  in 
every  way  desirable.*  In  preliminary  experiments  in  which  we 
tested  several  formulas  before  one  was  chosen  to  apply  sjrstem- 
atically,  the  value  of  C  appeared  to  have  an  appreciable  effect, 
although  much  less  than  that  of  D;  i.e.,  other  conditions  being  the 
same,  a  greater  volume  of  urine  appeared  to  carry  out  somewhat 

^  From  the  negligible  average  influence  of  C  it  appears  that,  at  least  as 
long  as  either  normal  or  exceptionally  high  volumes  of  urine  are  excreted 
(which  was  the  case  with  all  our  patients),  variations  in  the  volume  are  of 
no  effect  on  the  acid  excretion.  We  are  not,  however,  prepared  to  follow 
this  conclusion  as  to  the  non-effect  of  C  to  its  logical  limit  and  state  that 
in  a  patient  with  severe  diabetic  acidosis  flushing  with  water  is  of  no 
value.  A  liter  of  urine  is  not  an  abnormally  small  amount  in  a  normal 
adult,  but  it  could  carry  out  only  about  15  gm.  of  /3-hydroxybutyric  acid, 
if,  as  indicated  by  the  data  of  Magnus-Levy  and  others,  this  acid  is  never 
excreted  in  concentration  greater  than  1.5  per  cent.    To  remove   the 
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more  acid  than  a  smaller  volume.  We  accordingly  indicated  this 
effect  by  introducing  C  into  the  formula,  and  indicated  its  com- 
paratively minor  importance  by  using  its  fourth  root.  The  for- 
mula thus  involved  enabled  us  to  solve  our  main  problem;  viz,,  the 
question  as  to  whether  any  quantitative  rdationship  could  be 
demonstrated  between  fall  in  alkaline  reserve  and  rise  in  anunonia 
and  acid  excretion.  The  formulas  which  had  been  discarded  in 
the  preliminary  tests  we  did  not  afterwards  apply  to  the  main 
body  of  our  data.  It  is  fortunate  that  Barnett  has  now  re- 
tested  the  formula  without  C  on  our  published  data,  and  shown 
that  this  variable  may  be  neglected.  With  the  formula  thus 
simplified  it  becomes  possible,  as  indicated  in  the  accompanying 
table,  to  interpret  the  24  hour  excretion  of  acid  plus  anunonia 
directly  into  terms  of  acidosis  with  the  use  of  no  more  elaborate 

terms  than—,  or  cc.  of  0.1  n  acid  plus  ammonia  per  kilo. 

Barnett  also  calculates  from  the  results  of  Paper  IV  that  but 
little  is  gained  in  average  accuracy  by  including  variations 
in  the  body  weight  in  the  estimation.  The  data  of  Paper  IV, 
however,  taken  without  those  of  Paper  VI,  are  not  suited 
to  decide  statistically  the  question  of  the  influence  of  body 
size.  Of  the  65  determinations  on  diabetics  reported  in 
Paper  IV,  29  are  on  a  single  patient  of  50  kilos  weight, 
and  of  the  others,  only  one  determination  was  made  on  a  sub- 
ject of  less  than  37  or  more  than  50  kilos  weight  who  had  a 
marked  acidosis  without  bicarbonate  dosage.    In  this  one,   a 

boy  of  12  in  actual  coma,  both  the  original  '^—  y/c  and  the  5  W= 

formula  indicate  a  plasma  CO2  of  30  per  cent,  which  is  a  severe 
acidosis,  though  not  so  severe  as  that  shown  both  by  cUnical  con- 
much  larger  amounts  sometimes  formed,  excretion  of  several  liters  of  urine 
per  24  hours  appears  necessary.  The  formation  of  large  amounts  of  ace- 
tone bodies,  or  of  the  sugar  which  accompanies  them,  apparently  acts  as  a 
diuretic,  and  secures  the  necessary  excretion.  For  example,  Magnus- 
Levy  reports  that  when  a  patient  on  2  successive  days  excreted  109.5  and 
157  gm.  of  organic  acid  calculated  as  hydroxybutyric,  the  corresponding 
urine  volumes  were  8.0  and  9.2  liters  (Magnus-Levy  (4),  p.  182).  Similar 
high  excretions  are  seen  in  the  data  of  Papers  IV  and  VI  when  acid  excre- 
tion, as  indicated  by  the  ammonia  plus  titratable  acid,  was  high. 
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dition  and  plasma  CO2  of  14  per  cent.  If  the  body  weight  were 
neglected  in  the  calculation,  however,  and  Bamett's  0.7  \/2) 
formula  used,  the  excretion  would  indicate  a  plasma  COj  of 
46,  or  almost  no  acidosis.  Similar  magnification  of  error  is 
introduced  in  attempting  to  interpret  the  excretion  data  re- 
gardless of  body  weight  in  the  two  patients  of  less  than  adult 
size  with  acidosis  reported  in  Paper  VI.  These  are  No.  3,  a 
boy  of  12  with  intense  acidosis,  and  No.  5,  a  boy  of  13  with  se- 
vere acidosis.  That  an  allowance  for  body  size  must  be  made 
in  interpreting  the  rate  of  formation  or  excretion  of  any  meta- 
bolic product  is  a  generalization  so  well  founded  that  previous 
discussion  of  it  seemed  imnecessary. 

Elimination  of  a  third  variable,  the  titratable  acid,  from  the  cal- 
culation, would  apparently  be  a  further  step  backwards.  It  is 
true,  as  exemplified  by  our  own  data,  that  ammonia  and  titratable 
acid  in  diabetic  urine  as  a  rule  rise  and  fall  together,  the  am- 
monia being  usually  two  to  three  times  the  titratable  acid.    The 

ratio  -^ r-?  is  by  no  means  constant,  however,  varying  from 

0.1  N  acid 

0.3  to  5.0  in  diabetic  and  normal  urines,  so  that  the  titratable 
acid  sometimes  exceeds  the  anunonia.  Since  both  ammonia 
and  titratable  acid  indicate  excretion  of  acid  in  excess  of  fixed 
base,  it  is  does  not  seem  logical  to  determine  the  one  and  neglect 
the  other.  The  result  of  neglecting  the  titratable  acid  is  appar- 
ent, except  in  the  case  of  the  one  diabetic  who  Was  chosen  for 
continuous  observation,  in  a  decided  increase  in  the  average 
error. 


Average  Errors, 

Data  of  Paper  IV. 

Formula. 

Table  I. 
11  normal 
persons. 

Table  n. 
36  different 
diabetics. 

Table  ni. 
29  observations 
on  1  diabetic 

CO,  =  80- 5^/^ 

2.6 
4.6 

6.4 
7.4 

5.7 

COa  =  80  -  0.9^/nH3 

5.7 

A  practical  additional  reason  for  determining  titratable  acid  as 
well  as  ammonia  is  that  it  protects  against  a  false  diagnosis  of 
acidosis  which  might  be  made  from  the  ammonia  alone  in  urines 
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that  have  undergone  bacterial  decomposition,  either  in  the  blad- 
der as  the  result  of  cystitis,  or  outside  the  bladder  as  the  result 
of  preservation  with  insufficient  antisepsis.  As  long  as  the 
ammonia  formation  leaves  the  urine  still  acid,  it  does  not  much 
alter  the  NHs  +  acid  figure,  since  COj,  of  the  ammonium  car- 
bonate formed  by  bacterial  action  on  urea,  escapes,  while  the 
ammonia  remains  and  neutralizes  approximately  an  equivalent 
of  acid.  The  net  eflfect  of  an  increase  of  anunonia  is  therefore  an 
approximately  equal  decrease  of  titratable  acid,  with  no  signifi- 
cant influence  on  the  resultant  sum  of  the  two. 

Our  data  indicate  furthermore  that  the  ratio  -^- r?  may 

0.1  N  acid 

be  used  as  a  fairly  sensitive  indicator  of  ammoniacal  decomposi- 
tion. In  the  urines  of  Paper  IV,  which  were  all  analyzed  while 
perfectly  fresh,  the  ratio  varies  from  0.3  to  4.8  averaging  1.6  in 
normal  men  and  2.3  in  diabetics.  In  only  one  case  was  a  value 
of  4.1  exceeded.  It  appears  therefore  that  when  the  ammonia 
exceeds  four  or  five  times  the  titratable  acid  there  is  ground  for 
suspecting  the  origin  of  a  measurable  portion  of  the  anunonia  in 
bacterial  action.  Although  the  24  hour  urines  reported  in  Paper 
VI  are  believed  to  have  been  collected  with  at  least  ordinary 
care  and  were  preserved  with  toluene,  it  will  be  seen  from  the  re- 
sults that  in  these  urines  the  anunonia: acid  ratio  averages  higher 
(about  4.1)  than  in  the  quickly  collected  and  analyzed  specimens 
of  Pa[>er  IV,  and  frequently  exceeds  the  maximum  of  the  short- 
time  urines,  at  times  rising  as  high  as  8  or  9.  In  no  case  had 
decomposition  gone  so  far  as  to  neutraUze  all  or  nearly  all  of  the 
titratable  acid,  so  that  the  results,  based  on  the  sum  of  ammonia 
and  titratable  acid,  could  not  have  been  significantly  aflfected. 
The  frequency  of  high  ammonia: acid  ratios  in  the  24  hour  urines 
nevertheless  indicates  the  readiness  with  which  decomposition 
may  occur  in  24  hour  specimens  even  when  collected  with  routine 
precaution. 

For  the  above  reasons  we  believe  that  when  diabetic  acidosis 
must  be  estimated  from  acid  excretion,  the  most  satisfactory 
formula  at  present  available  for  expressing  the  results  in  terms  of 
alkaline  reserve  is 


>-5^^ 


«i  ^^        «^      .  ^1 (acid  +  NH|)  per  24  hours 

Plasma  COi  -  80      ''  ^'  —  *^ 


kilos  body  weight 
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and  that  neither  the  titratable  acid  nor  body  weight  may  be 
neglected  without  increasing  the  chance  of  error  in  the  estimation. 

As,  thanks  to  Barnett,  the  acid  excretion  formula  is  simplified 
to  the  above  by  elimination  of  one  unnecessary  variable,  and  as 
Palmer  and  Van  Slyke  in  Paper  IX  (5)  have  published  data  which 
add  the  bicarbonate  retention  to  the  indirect  acidosis  tests  that 
have  been  composed  with  the  direct,  it  appears  desirable  to  re- 
vise accordingly  the  summarizing  table  on  page  412  of  Paper 
VI.  In  the  following  table  we  have  therefore  substituted  the 
simpler  expression  for  acid  excretion  and  have  added  the  data 
for  the  bicarbonate  retention  test.  We  have  also  indicated  the 
chief  fallacies  to  which,  according  to  the  results  published  in  the 
present  series  of  papers,  each  indirect  test  is  liable  when  applied 
to  the  detection  of  diabetic  acidosis. 

It  should  be  noted  that  the  data  obtained  from  kidney  and  lung 
excretion  as  measures  of  alkaUne  reserve  in  diabetic  acidosis  do 
not  necessarily  hold  for  other  types  of  acidosis.  In  nephritis,  for 
example,  the  two  tests  based  on  kidney  excretion  become  falla- 
cious, while  Peters  (6)  has  recently  shown  that  in  cardiac  dyspnea 
and  in  conditions  involving  great  diminution  of  lung  capacity 
the  mechanics  of  respiration  are  so  disturbed  that  the  alveolar 
carbon  dioxide  ceases  to  be  an  approximate  measure  of  blood 
bicarbonate.  The  indirect  tests  may  be  trusted  as  approximate 
indicators  of  alkaline  reserve  only  in  conditions  where  they  have 
been  previously  tested  by  comparison  with  the  blood  bicarbonate. 
We  have  made  this  comparison  in  diabetes,  but  the  results  do  not 
hold  for  other  pathological  conditions. 

SUMMARY. 

Acid  excretion  as  a  measure  of  diabetic  acidosis  is,  according  to 
present  data,  most  significantly  expressed  in  terms  of  ammonia 
plus  titratable  acid  per  unit  of  body  weight.  The  average 
error  involved  in  estimating  alkaline  reserve  from  acid  excretion 
is,  as  shown  by  Bamett,  appreciably  reduced  by  simplifying 

our  original  empirical  formula,  plasma  CO2  =  80  —  W=  a/C,  to 

plasma  CO2  =  80  —  5  -4/^=.    The  absolute  difference  in  the  re- 
^  W 
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suits  calculated  by  the  two  equations  is,  however,  so  small  that 
the  remarks  on  the  range  of  error  in  such  calculations  made  in 
Papers  IV  and  VI  hold  with  essentially  equal  force  when  the 
simplified  formula  is  used.  Further  simplification,  by  neglecting 
the  body  weight  or  titratable  acid  as  suggested  by  Bamett,  de- 
creases the  accuracy  of  the  estimation. 

For  practical  purposes  the  acid  excretion  may,  without  going 
through  the  calculation  of  the  formula,  be  interpreted  directly 
into  terms  of  clinical  severity  of  acidosis,  as  indicated  in  the  table; 
e.g.,  an  excretion  exceeding  27  cc.  of  0.1  n  ammonia  plus  acid 
per  kilo  indicates  acidosis,  which  usually  becomes  critical  if  the 
excretion  approaches  100  cc.  per  kilo. 

The  relationships  of  the  plasma  bicarbonate  to  acid  excretion, 
alkali  retention,  and  alveolar  carbon  dioxide  tension  are  sum- 
marized for  reference  in  a  table,  wherein  are  also  indicated  the 
chief  errors  to  which,  according  to  the  data  of  Papers  IV,  VI, 
and  IX  of  this  series,  the  three  latter  determinations  are  sub- 
ject as  measures  of  diabetic  acidosis. 
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THE  EFFECTS  OF  ELECTROLYTES  ON   GELATIN  AND 
THEIR  BIOLOGICAL  SIGNIFICANCE. 

L    THE  EFFECTS  OF  ACIDS  AND   SALTS   ON  THE  PRECIPITA- 
TION  OF  GELATIN  BY  ALCOHOL. 

By  W.  0.  FENN. 
(From  the  Laboratory  of  Plant  Physiology,  Harvard  University,  Cambridge.) 

(Received  for  publication,  December  21,  1917.) 

The  biologist  can  hardly  hope  to  find  a  complete  explanation 
of  the  comphcated  eflfects  of  electrolytes  upon  protoplasm  mitil 
the  chemist  can  give  him  an  explanation  of  their  almost  equally 
comphcated  eflfects  upon  the  purified  constituents  of  protoplasm. 
In  order  to  obtain  more  complete  information  concerning  the 
eflfects  of  electrolytes  upon  proteins,  the  precipitation  of  gelatin 
by  alcohol  has  been  studied.  This  property  of  gelatin  is  more 
simple  to  measure  and  more  sensitive  to  small  variations  in  the 
salt  content  of  the  solution  than  its  viscosity,  swelling,  or  tem- 
perature of  gelation.  This  method  has  yielded,  therefore,  more 
complete  data  than  have  hitherto  been  obtained.  Pending  a 
more  detailed  inquiry  into  the  reactions  involved,  it  is  deemed 
advisable  to  publish  the  facts  obtained,  omitting  the  theoretical 
interpretation. 

Description  of  the  Method. 

The  method  which  was  worked  out  for  the  investigation  has 
already  been  briefly  described^  together  with  some  of  the  re- 
sults which  are  of  particular  interest  to  the  biologists.  It  con- 
sists essentially  in  adding  95  per  cent  alcohol  to  5  cc.  of  the 
gelatin-electrolyte  mixture  until  an  opaque  precipitate  is  pro- 
duced. The  sharpness  of  the  end-point  varies  characteristically 
with  the  particular  electrolyte  and  the  particular  concentration 
used  but  can  ordinarily  be  determined  to  within  0.1  cc,  which  is 

1  Fenn,  W.  O.,  Proc.  Nat.  Acad.  Sc,  1916,  ii,  534,  539. 
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accurate  enough  for  the  purpose.  Two  determinations  were 
made  for  each  point  and  the  average  was  taken  as  the  true  value. 
The  test-tubes  containing  the  samples  to  be  titrated  with  alco- 
hol were  kept  at  constant  temperature  for  some  hours  before  us- 
ing in  order  to  reach  equilibrium.  The  time  allowed  for  this  and 
the  temperature  chosen  varied  considerably  in  the  different  ex- 
periments but,  in  plotting,  only  curves  which  are  comparable 
in  all  essential  respects  are  placed  together,  unless  mention  is 
made  to  the  contrary.  In  mixing,  the  gelatin  was  dissolved  in 
water  at  90°C.  and  5  cc.  of  the  resulting  solution  were  mixed 
with  5  cc.  of  the  solution  of  the  electrolyte  to  be  investigated. 
Thp  two  halves,  of  5  cc.  each,  of  these  mixtures  were  used  for  the 
two  determinations  of  each  point.  Three  grades  of  conmiercial 
gelatin  were  used  throughout.  Gelatin  A,  which  was  used  in  all 
except  the  earlier  experiments,  set  at  a  lower  concentration  and 
gave  a  clearer  solution  than  gelatin  B  or  C.  The  concentration 
of  the  gelatin  was  so  chosen  (2  or  3  per  cent)  that  it  would  not 
set  at  the  temperature  of  the  experiment.  Throughout  this 
paper,  the  number  of  cc.  of  95  per  cent  alcohol  necessary  to  pro- 
duce an  opaque  precipitate  in  5  cc.  of  the  gelatin-electrolyte 
mixture  will  be  spoken  of  as  the  "alcohol  number"  for  the  sake 
of  brevity.  In  interpreting  the  results,  it  should  be  remembered 
that  in  titrating,  both  the  gelatin  and  the  electrolyte  are  being 
diluted,  and  the  solution  is  being  cooled  by  the  addition  of  the 
alcohol.  The  alcohol  number  is  ordinarily  increased  by  a  rise 
in  temperature  and  by  dilution  of  the  gelatin.  The  cooling  effect 
of  the  alcohol  could  be  avoided  by  allowing  the  gelatin  to  reach 
equilibrium  at  room  temperature,  but  sharper  end-points  are 
obtained  by  using  stronger  gelatin.  This  necessitates  a  higher 
temperature  to  prevent  setting.  If,  in  titrating,  the  alcohol 
is  rim  in  too  rapidly,  the  value  obtained  for  the  alcohol  number 
will  be  too  high  as  the  precipitate  takes  a  certain  short  time  to 
form.  This  error  is  important  only  in  the  case  of  NaOH  and 
HCl  and  similar  electrolytes.  The  gelatin  is  stirred  after  each 
addition  of  alcohol.  The  end-point  is  defined  as  the  point  where 
a  pencil  held  behind  the  test-tube  can  no  longer  be  seen. 

The  alcohol  number  is  ordinarily  increased  by  a  rise  in  tem- 
perature but  in  the  presence  of  Na4S04  in  concentrations  greater 
than  0.2  m  and  NaCl  m  or  stronger,  the  reverse  is  true. 
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The  results  obtained  by  this  method  may  be  presented  under 
the  following  four  headings:  (I)  The  eflfect  of  single  electrolytes, 
(a)  Acids  and  alkalies;  (6)  salts.  (II)  The  eflfect  of  combina- 
tions of  .salts  with  acids  and  alkalies.  (Ill)  The  effect  of  combi- 
nations of  gaits.  (IV)  The  precipitation  of  gelatin  by  mixtures 
of  electrolytes  without  alcohol.  Each  of  these  will  be  presented 
in  a  separate  paper. 
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FiQ.  1.  Curves  showing  the  effect  of  NaOH  and  HCI  on  the  precipita- 
tion of  gelatin  by  alcohol.  The  ordinates  represent  the  concentrations  of 
alcohol  in  the  solution  at  the  point  of  precipitation,  and  the  abscissae 
the  concentrations  of  HCI  and  NaOH  at  that  point.  The  dotted  lines 
indicate  that  no  precipitate  could  be  obtained  no  matter  how  much  alco- 
hol was  added.  The  insert  shows  von  Schroeder's  curves  for  the  viscosity 
of  gelatin  sols,  showing  that  the  alcohol  maximum  corresponds  to  a  vis- 
cosity maximimi. 

a.  Acids  and  Alkalies. 

The  presence  of  acids  and  alkalies  in  gelatin  hinders  the  precipi- 
tcUion  by  alcohol.  With  strong  acids  and  alkalies,  like  NaOH 
and  HCI,  this  effect  passes  through  a  maximum. 

The  effects  of  NaOH  and  HCI  are  shown  in  Fig.  1,  where  the 
concentration  of  alcohol  at  the  point  of  precipitation  is  plotted 
(ordinates)  against  the  concentration  of  NaOH  or  HCI  at  the  end- 
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point  (abscissae).    The  maximum  in  the  curves  corresponds  to 
a  point  of  maximum  swelling  and  maximum  viscosity.    Von 

TABLE  I. 
Effect  of  HCl  and  NaOH  on  the  Precipitation  of  Gelatin  by  Alcohol, 


HCl 

NaOH 

Concen- 
tration of 
HCl  at 
start. 

Alcohol 

to 
precipi- 

Ute. 

tionof 

HCl  at 

end-point. 

Alcohol 
(by  volume) 

at 
end-point. 

Concentra- 
tion of 
NaOH  at 
Btatt. 

Alcohol 

to 

precipitate. 

Concentra- 
tion of 
NaOH  at 
end-point. 

Alcohol 
(by  vol- 
ume) ftt 
end-poiot 

u 

cc. 

M 

per  cent 

if 

ce. 

M 

per  cent 

12.2 

55 

1.0 

85 

4.9 

No  ppt. 

6.1 

30 

0.85 

79 

3.26 

«       (( 

3.05 

19 

0.61 

72 

2.17 

33 

0.38 

81 

1.52 

18 

0.32 

71 

1.45 

29 

0.26 

79 

0.76 

19 

0.15 

72 

0.96 

28 

0.17 

78 

0.38 

25 

0.063 

77 

0.64 

26 

0.12 

77 

0.19 

50 

0.018 

85 

0.32 

23 

0.064 

75 

0.095 

No  ppt. 

0.16 

24 

0.032 

76 

0.048 

it         ^€ 

0.08 

30 

0.014 

79 

0.024 

«         « 

0.04 

No  ppt. 

0.012 

23 

0.0021 

75 

0.02 

u         « 

0.006 

9 

0.002 

57 

0.01 

16 

0.0027 

69 

0.003 

6 

0.0013 

47 

0.005 

8 

0.0021 

54 

0.0015 

4 

0.00075 

37 

0.0025 

6 

0.0012 

47.5 

0.0 

3 

32 

0.00125 

5 

0.0007 

43 

0.000625 

4.5 

0.00035 

41 

0.0 

3.2 

0.0 

33 

5  cc.  of  the  UCl  and  NaOH  solutions,  in  the  concentrations  noted  in 
the  first  columns,  were  placed  in  each  tube.  1  cc.  of  7  per  cent  gelatin  B 
was  then  added  to  each.  HCl  and  NaOH  are  so'  effective  in  preventing 
precipitation  that  the  titration  with  alcohol  must  be  carried  on  slowly 
in  order  to  allow  the  precipitate  time  to  form.  In  order  to  save  time,  all 
the  tubes  were  titrated  simultaneously.  The  same  number  of  cc.  of  alco- 
hol was  added  to  each  in  turn  until  precipitation  occurred.  The  experi- 
ments were  performed  at  room  temperature.  The  decrease  of  precipi- 
tability  in  high  concentrations  is  due  to  decomposition  of  the  gelatin. 
For  purposes  of  plotting,  the  concentrations  of  HCl,  NaOH,  and  alcohol 
at  the  point  of  precipitation  are  calculated.  These  data  are  plotted  in 
Fig.  1. 

Schroeder^s  curves  for  the  viscosity  of  gelatin  sols  are  plotted  on 
the  insert  for  comparison.^  Their  essential  similarity  to  the 
alcohol  curves  is  undoubted. 

«  von  Schroeder,  P.,  Z.  physikal,  Chem,,  1903,  xlv,  75. 
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Similar  curves  have  been  worked  out  for  various  other  acids. 
Lactic,  trichloroacetic,  acetic,  and  formic  acids  give  curves  which 
rise  more  gradually  than  the  HCl  curve.  It  is  impossible  to  fol- 
low them  through  the  maximum  as  no  precipitate  can  be  ob- 
tained. Phosphoric  acid  gives  a  sharp  fall  after  the  maximum 
which  can  be  followed,  but  no  precipitate  can  be  obtained  at  the 
maximum.  Tartaric  acid  and  sulfuric  acid  rise  slowly  to  a  com- 
paratively low  maximum  and  do  not  drop  thereafter.  In  gen- 
eral, the  weak  acids  have  less  eflfect  and  show  either  no  maximum 
or  less  maximum  than  the  HCl  curve.  The  small  effect  of 
H2SO4,  compared  to  HCl  and  HNO3,  is  probably  due  to  the  eflfect 
of  the  bivalent  SO4  anion. 

The  fact  that  acids  and  alkalies  prevent  the  precipitation  of 
proteins  by  alcohol  was  shown  by  Pauli  and  Handovskjr^  and  by 
Schorr,*  although  in  neither  case  was  the  complete  course  of  the 
curve  worked  out.  Pauh  and  collaborators,^  Lacqueur  and  Sackur,' 
and  Zoja^  have  shown  that  acids  and  alkalies  increase  the  viscosity 
of  protein  sols,  and  von  Schroeder*  has  shown  the  same  for  gelatin 
sols.  The  swelling  of  gelatin  has  been  measured  by  Ostwald,*  Proc- 
ter,' Fischer,^^  and  Ehrenberg."  The  characteristic  maxima  in 
both  acids  and  alkahes,  as  found  by  these  workers,  correspond  to 
the  maxima  of  the  alcohol  curves  as  found  by  the  writer.  Ost- 
wald,  however,  finds  in  addition  an  initial  minimum  (in  swelling) 
which  is  more  pronoimced  in  acids  but  discernible  in  alkalies  also. 
In  spite  of  the  overwhelming  evidence  to  the  contrary  of  Pauli 
4ind  his  pupils,  he  attempts  to  homologize  this  minimum  with 

» Pauli,  W.,  and  Handovsky,  H.,  Biochem.  Z.,  1909,  xviii,  340. 

•  Schorr,  C,  Biochem.  Z.,  1911,  xxxvii,  424. 

» Pauli,  W.,  Z.  Chem,  u,  Ind.  Kolloide,  1908,  iii,  2;  1910,  vii,  241;  1913, 
xii,  222;  Tr.  Faraday  Soc.,  1913,  ix,  54.  Pauli,  W.,  and  Wagner,  R.,  Bio- 
chem,  Z.,  1910,  xxvii,  296.    Pauli,  W.,  and  Faiek,  O.,  ibid.,  1912,  xlvii,  269. 

•  Lacqueur,  E.,  and  Sackur,  O.,  Beitr.  chem.  Physiol,  u.  Path.,  1903, 
iii,  193. 

» Zoja,  L.,  Z.  Chem.  u.  Ind.  Kolloide,  1908,  iii,  249. 
•Ostwald,  W.,  Arch.  gee.  Physiol.,  1905,  cviii,  563;  cix,  277;  1906,  cxi, 
581;  Tr.  Faraday  Soc.,  1913,  ix,  34. 

•  Procter,  H.  R.,  Kolloidchem.  Beihefle,  1910-11,  ii,  243.  Procter,  H.  R., 
and  Wilson,  J.  A.,  /.  Am.  Leather  Chem.  Assn.,  1916,  xi,  261.  Procter,  J. 
<:hem.  Soc.,  1914,  cv,  313.    Procter  and  Wilson,  ibid.,  1916,  cix,  307. 

*•  Fischer,  M.  H.,  CEdema  and  Nephritis,  New  York,  2nd  edition,  1915. 
"  Ehrenberg,  R.,  Biochem.  Z.,  1913.  liii,  356. 
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von  Schroeder's  maxiiniim  viscosity.  It  is  difficult  to  understand 
this  unless  Ostwald  has  confused  the  "hydration  viscosity"  as 
measured  by  von  Schroeder  in  dilute  solutions  with  the  "gela^ 
tion  viscosity"  of  solutions  which  are  strong  enough  to  set.  The 
gelation  viscosity  is  of  course  at  a  maximum  in  an  approxi- 
mately neutr^  solution.  It  is  evident  that  Ostwald's  miniTniiTn 
must  be  some  secondary  phenomenon  inherent  in  the  swelling 
method. 

The  equilibrium  between  proteins  and  acids  has  been  studied 
in  more  detail  by  other  methods.  Bugarsky  and  Liebermann" 
and  Manabe  and  Matula^  have  made  simultaneous  electrometric 
determinations  of  the  H  and  CI  ions  combined  with  the  protein 
in  HCl.  The  amoimt  of  HCl  combined  with  the  protein  has  been 
determined  by  Van  Slyke"*by  conductivity  measurements,  and 
the  amount  of  the  H  ion  combined  has  been  determined  by 
Pauli  and  Hirschfeld"  and  by  Procter*  by  potentiometer  measure- 
ments of  the  H  ion  concentration.  The  latter  has  made  perhaps 
the  most  notable  contribution  to  the  subject  by  giving,  a  quanti- 
tative explanation  of  the  maximum  swelling  of  gelatin  in  acids. 

b.  SaUs. 

The  following  conclusions  can  be  drawn  concerning  the  effects 
of  salts  on  the  alcohol  nimiber  of  gelatin.  (1)  All  salts  increase 
the  alcohol  ntmiber  of  gelatin  except  certain  ones  which  combine 
a  bivalent  or  trivalent  cation  with  a  bivalent  or  trivalent  anion. 
(2)  Trivalent  anions  and  cations  are  more  effective  than  biva- 
lent, and  bivalent  are  more  effective  than  monovalent  in  hinder- 
ing precipitation.  (3)  The  lyotropic  effect  is  of  minor  impor- 
tance except  in  high  concentrations  of  sulfates,  citrates,  and 
tartrates. 

The  results  of  the  experiments  with  salts  alone  are  plotted  in 
Figs.  2  to  5  and  the  data  are  given  in  the  corresponding  tables. 
In  all  cases  the  ordinates  represent  the  number  of  cc.  of  alcohol 
required  to  produce  a  precipitate  in  5  cc.  of  the  gelatin-salt  mix- 

"  Bugarsky,  S.,  and  Liebennann,  L.,  Arch,  ges,  PhysioL^  1888,  Itxii,  51. 
»  Manabe,  K.,  and  Matula,  J.,  Bxochem,  Z.,  1913,  lii,  369. 
"  Van  Slyke,  L.  L.,  and  Van  Slyke,  D.  D.,  Am.  Chem,  J,,  1907,  xxxviii, 
383. 

"  Pauli,  W.,  and  Hirschfeld,  M.,  Bxochem,  Z.,  1914,  Ixii,  246. 
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ture,  and  the  abscissas  the  concentration  of  salt  in  the  gelatin 
before  titration  with  alcohol. 
In  general,  all  the  curves  show  that  with  increasing  concentra- 

TABLE  III. 
Effect  of  Various  Salts  on  the  Precipitation  of  Oelaiin  by  Alcohol, 


MgCh. 

CaCU 

MnCU 

Mf(NO«), 

SrCh 

Concen- 
tration of 

Alcohol 
topre- 
cipitat©. 

Concen- 
tration 
ofCaa,. 

Alcohol 
to  pre- 
cipitate. 

Concen- 
tration of 
MnCh. 

Alcohol 
to  pre- 
cipitate. 

Concen- 
tration of 
MuNC. 

Alcohol 
to  pre- 
cipitate. 

Concen- 
tration of 
SrClt. 

Alcohol 
to  pre- 
cipitate. 

M 

ce. 

M 

ec. 

M 

ee. 

M 

cc. 

M 

cc 

0.5 

11.1 

2.85 

11.85 

0.5 

11.25 

1.0 

13.05 

1.63 

10.9 

0.25 

10.95 

1.42 

11.65 

0.25 

10.75 

0.5 

11.9 

0.82 

11.25 

0.125 

10.35 

0.71 

11.5 

0.125 

10.2 

0.25 

10.65 

0.41 

11.3 

0.0625 

9.9 

0.35 

11.4 

0.0625 

9.75 

0.125 

9.65 

0.2 

11.2 

0.0312 

9.2 

0.18 

11.1 

0.0312 

9.0 

0.0625 

8.4 

0.1 

10.4 

0.0156 

7.8 

0.09 

10.1 

0.0156 

7.5 

0.0312 

7.35 

0.05 

9.25 

0.0 

4.2 

0.0 

NH4CI 

NH4SCN 

MgSOi 

ZnSO.- 

Concen- 
tration of 
NHiCl. 

Alcohol 
to  pre- 
cipitate. 

Concen- 
tration of 
NH4SCN. 

Alcohol 
to  pre- 
cipitate. 

Concen- 
tration of 
MgSO«. 

Alcohol 
to  pre- 
cipitate. 

Concen- 
tration of 
ZNSOi. 

Alcohol 
to  pre- 
cipitate. 

M 

cc. 

M 

cc. 

M 

cc. 

M 

ce. 

2.87 

12.95 

2.0 

13.35 

0.5 

4.4 

0.125 

2.7 

1.43 

11.5 

1.0 

11.35 

0.25 

4.75 

0.0625 

3.0 

0.72 

10.15 

0.5 

9.75 

0.125 

5.05 

0.0312 

3.05 

0.36 

8.75 

0.25 

8.4 

0.0625 

5.25 

0.0156 

3.1 

0.18 

7.6 

0.125 

7.15 

0.0312 

5.05 

0.0078 

3.4 

0.09 

6.65 

0.0625 

6.35 

0.0156 

5.15 

0.0039 

3.85 

0.0 

4.4 

0.0078 

4.9 

0.00195 

4.0 

0.0 

4.5 

0.0 

4.0 

*  2  per  cent  gelatin  A,  over  night  at  30'*C.  Not  strictly  comparable 
to  the  other  experiments  in  this  table. 

For  all  except  ZnSOi  (as  noted)  gelatin  B  was  used  (3  per  cent)  and 
the  tubes  stood  over  night  at  26°C.  before  titrating.  For  further  details 
see  Table  II. 

tions  of  the  salts,  more  and  more  alcohol  is  needed  to  precipitate 
until  a  maximmn  is  reached.  Fig.  2  shows  that  as  the  valence 
of  the  cation  increases,  the  salt  concentration  at  which  the  maxi- 
mum is  reached  decreases.    Valence,  however,  is  not  the  only 
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factor,  CuCls  being  more  effective  than  CaCU,  and  MgCU  less 
effective.  The  difference  between  CaClj  and  MgClj  is  largely 
due  to  the  fact  that  acid  increases  the  effect  of  CaClj  more  than 
that  of  MgClz  and  the  gelatin  used  is  slighty  acid.  Similar 
experiments  performed  with  less  acid  gelatin  show  less  difference 
(compare  CaCU  curves  in  Figs.  2  and  5). 

TABLE  IV. 
Effect  of  Sodium  Salts  and  Aluminum  Sulfate  on  the  Precipitation  of  Gelatin 

by  Alcohol. 


Conoen- 

Alcohol  to 
precipitate  in 

ConooD- 

tration  of 

salt. 

Alcohol  to 
precipitate  in 

AlsCSOOa. 

tration 
of  salt. 

", 

Z 

1 

NaiSO* 

Sodium 
citrate. 

Concen- 
tration of 
A1,(S04).. 

Alcohol 
to  precipitate. 

M 

ce. 

cc. 

ee. 

M 

cc. 

cc. 

M 

cc. 

2.0 

11.05 

10.5 

13.3 

0.5 

3.1 

4.4 

0.32 

Ppt.  without 

1.0 

10.1 

9.95 

10.7 

0.25 

4.55 

6.4 

alcohol. 

0.5 

9.0 

9.0 

9.05 

0.125 

7.1 

8.6 

0.23 

4.85 

0.25 

8.0 

8.0 

7.9 

0.0625 

8.25 

9.45 

0.16 

5.3 

0.125 

6.85 

7.05 

6.9 

0.0312 

8.15 

10.05 

0.08 

5.2 

0.0625 

6.15 

6.05 

6.2 

0.0156 

7.65 

10.75 

0.04 

4.95 

0.0    • 

4.4 

0.0078 
0.0039 
0.00195 
0.00097 

5.8 
5.1 
4.3 

8.95 
5.5 
4.45 
4.3 

0.02 
0.01 
0.005 
0.0025 

4.89 
4.75 
5.4 
5.2 

3  per   c 
for  It 

sent    gelatin    B 
)  hrs.  at  26°C. 

0.0 

3.9 

3.9 

0.0012 
0.0 

4.8 
4.6 

3  per  c 
15  hn 

I.  M  26** 

C. 

3per  ce 
5  hrs 

nt  gelatin  B  for 
at  26«C. 

Na2S04  and  to  som&  extent  sodium  citrate  salt  out  the  gelatin  before 
the  true  end-point  is  reached.  The  white  stringy  precipitate  due  to  salt- 
ing out  becomes  so  opaque  that  in  these  curves  it  is  taken  as  the  end-point. 
In  (NH4)2S04  in  Table  V  it  is  possible  to  titrate  through  to  the  usual  white 
homogeneous  precipitate.    For  other  details  see  Table  II. 

It  is  also  evident  from  the  curves  in  Fig.  2  that  MnS04  and 
CuSOi,  which  combine  bivalent  cations  with  a  bivalent  anion, 
do  not  increase  the  alcohol  number  at  all,  but  decrease  it.  This 
cannot  be  due  entirely  to  the  fact,  which  Nernst^*  has  men- 

*•  Xemst,  W.,  Theoretical  Chemistry  from  the  Standpoint  of  Avoga- 
dro's  Rule  and  Thermodynamics,  London,  3rd  edition,  1911,  510. 
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tioned,  that  such  salts  are  comparatively  little  dissociated.  If 
the  degree  of  dissociation  were  the  sole  explanation,  one  would 
expect  CUSO4  to  have  less  eflfect  than  CuClj,  but  not  the  oppo- 
site e£Fect.  In  some  cases  such  salts  do  cause  a  slight  increase 
in  the  alcohol  number  in  low  concentrations,  as  for  example  in 
the  curve  for  MgS04  in  Fig.  3  and  for  Alt  (SO^a  in  Fig.  4.    FeS04 

CC.    ALC.  TO  PPT^ 

, AJ  Cl3 

/ 
I 
I 
I 


r^^>^  cuci 


Fio.  2.  The  ordinates  represent  the  number  of  cc  of  alcohol  required 
to  produce  an  opaque  precipitate  in  5  cc.  of  the  salt-gelatin  mixture;  t.e., 
the  alcohol  ntunbers.  The  abscisss  represent  the  concentrations  of  the 
various  salts  in  the  gelatin  before  titration  with  alcohol.  The  effect  of 
thd  salts  increases  with  the  valence  of  the  cation.  The  dotted  lines  indi- 
cate that  no  precipitate  could  be  obtained  in  those  concentrations  of 
AlCit  and  CuCU.  Qualitative  tests  indicate  that  the  AlCls  curve  subse- 
quently comes  down  a  little,  like  the  CuCls  curve. 

also  shows  a  slight  increase  in  the  alcohol  number  in  low  con- 
centrations. 

As  proof  of  the  fact  that  the  alcohol  number  gives  a  true 
indication  of  the  effect  of  salts  upon  the  physical  properties  of 
gelatin  (in  spite  of  the  possibiUty  of  repression  of  ionization  of 
the  salts  by  the  alcohol  or  other  interaction)  may  be  mentioned 
the  fact  that  gelatin  sets  more  readily  in  solutions  of  such  salts 
as  MnS04,  etc.,  than  in  water  or  solutions  of  salts  with  one  or 
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two  monovalent  ions.    This  indicates  that  one  ion  of  MnSOi 
inhibits  the  dispersing  effect  of  the  other  on  gelatin. 

An  examination  of  the  curves  for  NaiS04,  (NH4)tS04,  anmio- 
nium  tartrate,  and  sodium  citrate  in  Figs.  4  and  5  shows  that  the 
valence  of  the  anion  is  also  important  but  that  in  high  concen- 
trations the  ''salting  out"  effect  of  these  salts  is  predominant. 
The  sharp  drop  of  these  curves  to  the  point  where  they  precipi- 
tate the  gelatin  without  alcohol  is  due  to  their  strong  dehy- 
drating powers.    In  the  case  of  these  salts  there  are  two  dis- 

CC     ALC.  TO  PPT. 
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^Pr. 
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Fig.  5.  Alcohol  numbers  are  plotted  against  concentrations  of  the  salts 
added  to  the  gelatin  as  in  Fig.  2.  This  figure  shows  how  distinctly  salts 
with  one  bivalent  ion  are  distinguished  from  the  monovalent  salts  in 
their  dispersing  action. 

tinct  end-points  to  be  found  in  precipitating  with  alcohol  in  the 
higher  concentrations.  There  appears  first  a  stringy  precipitate 
which  is  followed  later  by  a  white  homogeneous  one.  In  the 
case  of  NatS04  the  stringy  precipitate  was  so  opaque  that  it  had 
to  be  taken  as  the  end-point,  while  in  the  case  of  (NH4)2S04  it 
was  possible  to  titrate  through  to  the  second  precipitate,  which 
had  the  more  usual  appearance.  This  accounts  for  the  fact  that 
the  Na8S04  curve  drops  after  the  maximum  while  the  (NH4)2S04 
curve  does  not.  The  first  white  stringy  precipitate  is  probably 
due  to  the^  "salting  out'  or  dehydrating  effect  of  the  SO4  ion. 
The  second  white  homogeneous  precipitate  is  regarded  as  the  true 
end-point. 
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In  Fig.  5  the  distinctness  with  which  the  salts  with  bivalent 
ions  are  separated  from  the  monovalent  salts  is  noteworthy. 

The  effects  of  salts  upon  the  alcohol  nmnber  of  gelatin  are 
roughly  parallel  to  their  effects  on  the  other  properties  of  gela- 
tin. The  temperature  of  gelation  in  salt  solutions  has  been 
measured  by  Levites^^  and  by  Pauli  and  Rona,"  the  swelling  of 
gelatin  in  salts  by  Ostwald,®  Ehrenberg,"  Pascheles/*  and  Lenk,*° 
and  its  viscosity  in  salt  solutions  by  von  Schroeder.^  None  of 
these  methods  of  investigation  is  as  simple  or  as  accurate  as  the 
alcohol  method  and  the  results  are  correspondingly  less  complete. 

Pauli^^  has  investigated  the  effects  of  salts  upon  the  tempera- 
ture of  coagulation  of  egg  white  and  finds  them  similar  to  the 
effects  on  the  coagulation  by  alcohol.  He  finds  that  the  bivalent 
metals  are  more  effective  than  the  monovalent  metals  in  pre- 
venting coagulation.  The  action  of  salts  in  dispersing  gelatin 
so  that  more  alcohol  is  needed  for  precipitation  is  also  similar 
to  their  effects  in  dispersing  globulin.  Thus  Mellanby**  has 
found  that  the  dispersing  eflSciency  of  trivalent,  bivalent,  and 
monovalent  ions  were  to  each  other  as  the  squares  of  their  va- 
lences, and  the  eflSciency  of  salts  were  equal  to  the  sum  of  the 
efficiencies  of  their  separate  ions.  Thus  the  dispersing  efficiencies 
of  NaCl,  CaClj,  Na^SO^,  and  MgS04  are  2,  6,  6,  and  8  respec- 
tively. This  conclusion  is  borne  out  by  the  alcohol  experiments 
except  for  the  fact  that  salts  like  MgS04  have  very  much  less 
effect  on  gelatin  than  NaCl,  instead  of  four  times  as  much. 

The  effects  of  salts  upon  the  physical  properties  of  proteins 
are  now  known  to  be  accompanied  by  a  combination  of  the  salt 
with  the  protein,  although  Bugarsky  and  Liebermann"  were  im- 
able  to  find  any  evidence  of  it  in  the  case  of  NaCl  and  egg  white 
by  their  measurements  of  the  freezing  point  or  the  electro- 
metric  determination  of  the  CI  ion.  Hardy*^  has  shown  by  con- 
ductivity measurements  that  NaCl  combines  with  globulin  to  the 

»»  Levites,  8.  J.,  Z.  Chem.  u.  Tnd.  Kolloide,  1907-08,  ii,  237. 

»«  Pauli,  W.,  and  Rona,  P.,  Beitr.  chem.  Physiol,  u.  Path.,  1902,  ii,  1 

^•Pascheles,  W.,  Arch.  gcs.  Physiol.,  1898,  Ixxi,  333. 

20  Lenk,  E.,  Biochem.  Z.,  1916,  Ixxiii,  15. 

"  Pauli,  Arch.  ges.  Physiol.,  1899,  Ixxviii,  315. 

a  Mellanby,  J.,  J.  Physiol.,  1905-05,  xxxiii,  338. 

"  Hardy,  W.  B.,  J.  Physiol.,  1905-05,  xxxiii,  251. 
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extent  of  2  per  cent,  and  the  writer  has  found  that  the  same  is 
true  for  a  1.87  per  cent  gelatin  solution  as  the  following  figures 
indicate: 

Concentration  of  NaCl.  Conductivity  depressed. 
0.665   M.  1.51  per  cent. 

0.299    "  1.44  "      " 

0.145    "  1.66  "      " 

0.0725  "  1.65  "      " 

Similar  measurements  with  CaCU  and  Na2S04  both  on  gelatin 
and  on  Witte's  peptone  have  shown  that  these  salts  combine 
more  than  NaCl. 

Pauli**  has  recently  made  a  detailed  study  of  the  equiUbrium 
between  AgNOa  and  gelatin,  ox  serum  proteins,  and  caseinogen 
by  means  of  potentiometer  and  conductivity  measurements.  He 
finds  that  with  increasing  concentrations  of  AgNOa  more  and 
more  combines  with  the  protein  until  a  maximum  is  reached. 
He  believes  that  both  ions  combine  equally.  There  is  evidence 
that  this  is  not  true  for  the  salts  of  the  alkaline  earths.  Pauli 
himself  states^*  that  addition  of  Ba  salts  to  proteins  increases  the 
H  ion  concentration  of  the  solution  as  determined  by  indica- 
tors. If  this  were  true  it  would  indicate  that  the  protein  combines 
to  a  greater  extent  with  Ba  than  with  its  anion.  Fraenckel^ 
has  also  observed  this  fact  for  Ca  salts  by  measurements  with  a 
concentration  cell.  Hardy,"  furthermore,  states  that  when  CaClj 
precipitates  globulin,  free  acid  is  formed  in  the  solution  as  deter- 
mined by  methyl  orange.  Billitzer^^  has  found  cathodic  convec- 
tion of  proteins  with  the  salts  of  alkaline  earths,  indicating  the 
presence  of  a  positive  charge  due  to  a  greater  combination  of  the 
protein  with  the  cation  than  with  the  anion.  As  further  evi- 
dence that  salts  with  bivalent  cations  can  deliver  a  ix)sitive 
charge  to  colloidal  substances  may  be  mentioned  the  work  of 
Perrin^*  on  endosmosis  of  various  solutions  through  diaphragms 
of  a  great  variety  of  substances  and  the  similar  work  of  Briggs,^* 

»«  Pauli,  Biochem,  Z,,  1917,  Ixxx,  187. 

«  Pauli,  Beitr.  chem.  Physiol,  u.  Path,,  1904,  v,  27. 

"  Fraenckel,  P.,  Z.  exp.  Path.  u.  Therap.,  1905,  i,  439. 

"  Billitzer,  J.,  Z.  physikal.  Chem.,  1905,  li,  129. 

"Perrin,  J.,  J.  chim.  phya.,  1904»  ii,  601. 

"  Briggs,  T.  R.,  J,  Phys.  Chem.,  1917.  xxi,  198. 
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des  Bancels,^*^  von  Elissafoflf,'^  and  others;  and  the  work  of  Bose*^ 
and  Guillaume''  on  the  potential  developed  when  a  gelatin- 
coated  wire  is  suddenly  twisted  in  the  solution  of  an  electrolyte. 
Contrary  evidence  is  found,  however,  in  the  fact  that  neither 
Chick**  nor  Hardy^  were  able  to  find  any  convection  of  globulins 
(or  of  gelatin)  in  solutions  of  the  alkaline  earths.  Whatever  dif- 
ference there  is,  therefore,  in  the  extent  to  which  the  cations  and 
anions  of  the  alkaline  earths  combine  with  proteins  must  be  too 
small  to  detect  except  by  the  most  delicate  measurements  of  the 
change  in  the  H  ion  concentration.  The  difference  would  of 
course  be  still  less  in  the  case  of  the  salts  of  the  alkali  metals. 

SUMMARY. 

1.  Acids  and  alkalies  hinder  the  precipitation  of  gelatin  by 
alcohol.  In  the  case  of  strong  acids  and  alkalies  this  effect  passes 
through  a  sharp  maximum  and  then  decreases. 

2.  Increasing  concentrations  of  salts  tend  to  hinder  the  precipi- 
tation of  gelatin  by  alcohol  until  a  maximum  is  reached,  trivalent 
ions  being  more  effective  than  bivalent,  and  bivalent  more  effective 
than  monovalent  in  this  respect. 

3.  Certain  salts  (like  MnSOi)  which  combine  a  bivalent  cat- 
ion with  a  bivalent  anion  are  exceptions  to  this  rule  in  that  they 
either  assist  or  only  very  slightly  hinder  the  precipitation  of  gela- 
tin by  alcohol,  the  effect  of  one  ion  being  apparently  neutralized 
by  that  of  the  other. 

4.  Salts  like  AICI3  and  CUCI2  which  are  very  effective  in  hin- 
dering precipitation  by  alcohol  resemble  the  strong  acids  in  that 
their  effect  passes  through  a  maximum  and  then  decreases. 

5.  The  effect  of  the  sulfates,  citrates,  and  tartrates  of  the 
alkali  metals  also  decreases  in  high  concentrations  due  to  their 
strong  "salting  out'^  or  dehydrating  powers. 

w  des  Bancels,  J.  L.,  Compt.  rend,  Acad,,  1909,  cxlix,  316. 

«i  von  Elissafoff,  G.,  Z,  physikal,  Chem,,  1912,  Ixxix,  385. 

«  Bose,  J.  C,  J,  phys.  Morique  et  apliquie,  1902,  series  4,  i,  481. 

«» Guillaume,  E.,  Compt,  rend,  Acad,,  1908,  cxlvii,  53. 

^  Chick,  H.,  Biochem.  /.,  1913,  vii.  318. 
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FEEDING  EXPERIMENTS  WITH  PEANUTS. 

By  amy  L.  DANIELS  and  ROSEMARY  LOUGHLIN. 

{From  the  Department  of  Home  Economics,  University  of  Wisconsin, 

Madison.) 

(Received  for  publication,  December  7,  1917.) 

Although,  popularly,  the  peanut  (Arachis  hypogasa)  is  classed 
as  a  nut,  it  more  properly  belongs  to  the  grain  or  forage  crop, 
the  '*  nut"  or  fruit  being  the  seed  of  a  legume  comparable  to  the 
bean  or  pea  seed.  Its  use  as  human  food  has  been  largely  lim- 
ited to  peanut  butter  and  confectionery,  and  little  attempt  has 
been  made  to  include  it  as  a  regular  article  of  diet.  Considerable 
emphasis,  however,  has  been  placed  upon  its  value  as  food  for 
stock.^  It  forms  one  of  the  best  forage  crops  for  pigs  in  the  south, 
while  in  Europe  peanut  meal  is  a  much  used  feed.  The  good  re- 
sults obtained  with  it  here  have  suggested  that  man  might  profit- 
ably add  it  to  his  list  of  staple  foods. 

In  the  investigation  rats  were  fed  rations  consisting  of  lard, 
cornBtarch,  suitable  inorgalnic  material,  and  either  ground  roasted 
peanuts  or  peanut  meal.  In  some  cases  2  per  cent  of  butter  fat 
was  substituted  for  an  equivalent  amount  of  lard;  while  in  other 
cases  5  per  cent  was  substituted.  One  group  was  given  peanut 
meal  to  which  lard,  cornstarch,  and  butter  fat  were  added,  the 
mineral  content  being  supplie/d  wholly  by  the  peanut  meal. 

The  value  of  the  proteins  of  the  peanut  is  shown  by  the  per- 
formance of  animals  (Chart  I)  fed  a  ration  which  furnished  18 
per  cent  of  protein  obtained  from  peanuts.*  The  rats  which 
were  given  an  insuflScient  amount  of  the  fat-soluble  food  acces- 
sory failed  to  grow  normally.  The  addition  of  5  per  cent  of  but- 
ter fat  stimulated  growth,  and  reproduction  followed.  When 
very  young  rats  were  given  this  5  per  cent  butter  fat  ration 

»  Henry,  W.  A.,  and  Morrison,  F.  B.,  Feeds  and  Feeding,  Madison, 
16th  edition,  1916,  178. 

*  The  Spanish  peanuts  used  contained  24  per  cent  protein  (N  X  6.25). 
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(Chart  III,  Rats  4, 6, 7, 14, 17,  and  18)  growth  was  not  satisfactory, 
death  resulting  in  some  cases,  apparently  due  to  the  fact  that  the 
ration  contained  too  much  fat,  for  in  order  to  obtain  an  18  per 
cent  protein  mixture  from  peanuts,  together  with  5  per  cent 
of  butter  fat,  it  was  necessary  to  feed  a  ration  containing  38.6  per 
cent  of  fat.  Young  animals  on  a  diet  which  includes  such  a 
high  percentage  of  fat  do  not  seem  to  thrive.  When  these  young 
animals  were  given  a  ration  containing  less  fat,  obtained  by 
decreasing  the  amount  of  butter  fat  from  5  to  2  per  cent,  better 
growth  resulted.  Their  curves  of  growth,  however,  were  some- 
what below  normal.  An  adult  animal  which  was  given  the  2  per 
cent  butter  fat  ration  reproduced  and  two  litters  were  success- 
fully suckled  (Chart  I,  Rat  12).  The  litters  were  small  (five  and 
six  each)  and  the  young  remained  undersized  as  long  as  they  were 
given  the  2  per  cent  butter  fat  ration.  The  addition  of  5  percent 
of 'butter  fat  stimulated  growth. 

In  view  of  the  fact  that  peanuts  contain  such  a  high  percentage 
of  fat,  it  was  deemed  advisable  to  continue  the  investigation  with 
peanut  meal  which  contained  less  fat.  Rations  consisting  of 
67.5  gm.  of  peanut  meal,*  supplying  18  per  cent  protein,  10  gm. 
of  lard,  5  gm.  of  butter  fat,  11.4  gm.  of  cornstarch,  and  5.09  gm. 
of  suitable  inorganic  material  proved  satisfactory  in  every  way. 
The  ciu-ves  of  growth  (Chart  II)  in  all  cases  were  similar  to  those 
generally  considered  to  be  normal.  Reproduction  occurred  at 
frequent  intervals  and  three  generations  were  obtained.  Good 
growth  was  secured  also  with  a  ration  supplying  15  per  cent  pro- 
tein from  the  peanut  meal  (Chart  II).  The  proteins  of  peanuts 
are  comparable  to  those  of  the  soy  bean,  sincfe  it  has  been  shown 
that  both  legumes  supply  the  essential  amino-acids  in  suflScient 
amounts  for  normal  growth  and  reproduction,  when  rations  made 
on  the  basis  of  15  and  18  per  cent  protein  are  fed. 

That  peanuts  are  lacking  in  the  fat-soluble  food  accessory  has 
been  shown  by  the  behavior  of  animals  which  were  given  rations 
containing  no  butter  fat,  2  per  cent,  and  5  per  cent  of  butter  fat, 
respectively.  The  animals  which,  immediately  following  the 
suckling  period,  were  placed  on  rations,  otherwise  adequate  but 

*  The  peanut  meal  was  furnished  by  the  Capital  Grain  and  Feed  Co., 
Montgomery,  Ala.,  and  contained  27.02  per  cent  protein  (N  X  6.25). 
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containing  no  butter  fat,  grew  at  about  half  the  normal  rate  and 
finally  died  unless  butter  fat  was  given  (Chart  III).  The  prompt 
recovery  of  the  surviving  animal  (Rat  8)  when  5  per  cent  of  butter 
fat  was  added  indicates  that  the  lack  of  the  fat-soluble  food  ac- 
cessory was  the  inhibiting  factor  in  this  diet.  The  animals 
receiving  the  2  per  cent  butter  fat  ration  made  somewhat  better 
growth  than  those  receiving  none:  Their  curves  of  growth,  how- 
ever, are  below  those  of  normal  animals  (Chart  II) .  Three  females 
of  the  group  reproduced  (Chart  I,  Rats  6, 12,  and  13).  Their  young 
were  also  undersized.  Irritable  dispositions  and  marked  roughness 
of  coats  characterized  all  the  animals  of  this  group.  Such  con- 
ditions indicate  malnutrition.  The  change  from  the  2  per  cent 
butter  fat  ration  to  a  5  per  cent  ration  stimulated  growth,  and 
reproduction  quickly  followed  in  the  animals  which  had  not  pre- 
viously reproduced  (Chart  III,  Rats  7  and  14). 

Since  all  the  animals  receiving  the  5  per  cent  butter  fat  ration 
were  normal  in  every  respect,  proof  is  furnished  for  the  presence 
of  a  considerable  amount  of  the  water-soluble  food  accessory  in 
the  diets.  When  the  peanuts  formed  56  per  cent  of  the  ration, 
there  was  suflBcient  water-soluble  B  for  the  experimental  animals. 

A  comparison  of  the  inorganic  content  of  the  peanut  and  the 
soy  bean  shows  the  peanut  to  be  even  poorer  than  the  soy  bean 
in  certain  respects;  namely,  calcium,  potassium,  magnesium,  and 
sulfur.*  Therefore  since  the  mineral  content  of  the  soy  bean 
had  been  found  lacking,*  various  amounts  of  suitable  minerals 
were  added  to  make  the  mineral  content  of  the  peanut  rations 
similar  to  that  of  milk,  which  previous  investigations  have  dem- 
onstrated to  be  adequate  for  normal  growth  of  rats.  On  the 
other  hand,  peanut  meal,*  which  includes  a  considerable  propor- 
tion of  hulls,  apparently  contains  sufficient  amouats  of  these 
necessary  inorganic  constituents  for  physiologic  well  being.  Rats 
fed  a  mixture  of  peanut  meal  furnishing  18  per  cent  of  protein, 
6  per  cent  of  butter  fat,  lard,  and  cornstarch,  to  which  no  min- 
erals were  added,  grew  normally,  reproduced,  and  successfully 
reared  their  young  (Chart  II,  Rats  27,  28,  and  29). 

*  Forbes,  E.  B.,  Beegle,  F.  M.,  and  Mensching,  J.  E.,  Ohio  Agric.  Exp, 
Station,  BulL  265,  1913. 

•Daniels,  A.  L.,  and  Nichols,  N.  B.,  /.  Biol.  Chem.,  1917,  xxxii,  91. 

•  Alabama  Agric.  and  Ind.  Dept.,  Bidl.  76,  1916. 
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When  we  consider  the  broad  areas  which  may  be  adopted  as 
fitting  habitats  of  the  peanut,  and  the  fact  that  our  food  supply 
tends  toward  a  wider  use  of  the  seeds  of  plants,  we  do  not  hesi- 
tate to  venture  the  suggestion  that  the  peanut,  when  rightly 
supplemented,  will  form  a  staple  article  of  the  human  dietary. 
Like  the  soy  bean,  it  needs  only  to  have  added  suitable  inorganic 
material  and  the  fatnsoluble  food  accessory  to  make  it  a  com- 
plete food. 


Ration  /. 

Peanuts 75 .0 

Butter 2.0 

Starch 16.9 

KH,P04 1.5 

KCl 1.3 

CaSOiHiO 3.3 


Ration  II. 

Peanuts 75.0 

Butter 5.0 

Starch 13.9 

Inorganic    material    same    as 
Ration  I. 


Ration  III. 
Peanut  meal ...  67 .5 

Butter 5.0 

Lard 10.0 

Starch 11.4 

Inorganic  material 
same  as  Ration  I. 


Ration  IV. 
Peanut  meal..  56.0 

Butter 5.0 

Lard 10.0 

Starch 22.7 

KH,P04 1.7 

KCl 1.3 

CaS04H,0....     3.3 


Ration  F. 
Peanut  meal..  67.5 

Butter 5.0 

Lard 10.0 

Starch 17.5 


Ration  VI. 

Peanuts * 75.0 

Lard 2.0 

Starch 16.9 

Inorganic  material  same  as  Ration  I. 
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A  BIOLOGICAL  ANALYSIS   OF  PELLAGRA-PRODUCING 

DIETS. 

IV.    THE  CAUSES  OF  FAILURE  OF  MIXTURES  OF  SEEDS  TO 
PROMOTE  GROWTH  IN  YOUNG  ANIMALS. 

By  E.  V.  McCOLLUM  and  N.  SIMMONDS. 

{From  the  Laboratory  of  Biochemistry  of  the  School  of  Hygiene  and  Public 
Health  of  the  Johns  Hopkins  University,  Baltimore.) 

(Received  for  publication,  December  26,  1917.) 

Our  investigations  on  the  composition  of  the  diet  in  its  relation 
to  growth  have  made  it  clear  that  a  food  mixture  may  conform 
to  the  most  approved  standards  with  respect  to  its  energy  and 
protein  content  and  in  affording  a  considerable  variety  in  flavors, 
and  may  be  so  prepared  as  to  be  highl}'^  attractive  in  appearance, 
and  still  be  of  such  nature  as  to  fail  to  nourish  properly  an  ani- 
mal during  growth.  Such  conditions  are  easily  fulfilled  if  the 
diet  is  restricted  to  dishes  prepared  wholly  from  the  seeds  of 
plants  or  their  milling  products  together  with  starch,  sugars, 
conmiercial  syrups,  vegetable  fats,  lard,  flavoring  extracts,  and 
spices. 

Our  extensive  studies  of  seeds  in  which  a  single  variety  was 
fed  with  the  addition  of  single  or  multiple  purified  food  ingre- 
dients, have  indicated  that  the  seeds  all  show  a  close  similarity  in 
their  dietary  properties.  Chemical  analysis  has  revealed  pro- 
nounced differences  in  the  yields  of  the  various  amino-acids  ob- 
tainable from  isolated  vegetable  proteins.  Tests  by  biological 
methods  have  established  the  fact  that  corresponding  to  these 
differences  in  the  constitution  of  the  proteins  are  equally  great 
variations  in  nutritive  values.  In  the  preceding  paper  of  this 
series  (1)  we  have  shown  that  the  value  of  the  protein  mix- 
ture present  in  each  of  the  more  important  seeds  is  without 
exception  much  low^er  than  are  those  of  milk.  Judging  from  our 
studies  on  the  physiological  minimum  of  protein  for  maintenance 
in  the  rat,  if  milk  proteins  are  assigned  the  value  of  100,  oat  and 
millet  seed  proteins  would  be  assigned  a  numerical  value  of 
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about  75,  wheat,  maize,  and  rice  proteins  50,  flaxseed  proteins  40, 
and  the  proteins  of  the  pea  and  navy  bean  about  25.  Since  the 
vegetable  proteins  from  various  sources  exhibit  such  great  varia- 
tions in  their  content  of  the  several  amino-acids  which  can  be 
approximately  quantitatively  estimated,  it  is  reasonable  to  expect 
that  mixtures  of  seeds  from  various  sources  should  in  many 
cases  show  greatly  enhanced  values  with  respect  to  the  biological 
value  of  the  protein  mixture  over  that  of  the  seeds  fed  singly  as 
the  sole  source  of  protein. 

Mixtures  of  certain  seeds  should,  therefore,  on  theoretical 
grounds,  be  adequate  as  a  source  of  protein,  and  the  dietary  in- 
adequacy of  such  mixtures  should  be  limited,  in  the  light  of  our 
past  experience,  to  a  relative  shortage  of  the  fat-soluble  A  and 
as  to  the  character  and  amount  of  the  inorganic  content.  The 
following  table,  which  was  compiled  from  data  by  Forbes  (2), 
shows  for  the  seeds,  which  are  of  greatest  importance  as  foods  in 
the  United  States,  the  great  similarity  in  their  content  of  all  in- 
organic elements  except  magnesium  and  calcium.  The  table 
also  contains  data  relating  to  the  inorganic  content  of  com  meal 
and  bolted  flour. 


Mineral  Constituents  of  Seeds,    Parts  per  100  of  Dry  Substance, 


Wheat 

Rice,  hulled 

Oats,  rolled 

Corn 

Soy  beans 

White  beans 

Cottonseed  meal 
Linseed  meal  — 

Peas 

Barley 

Patent  flour 

Corn  meal 

Milk  (cow) 

"     (human)... 


Asb. 


2.08 
0.39 
1.83 
1.55 
3.14 
3.22 
7.48 
5.84 

1.99 
0.51 
0.68 
5.67 
2.42 


0.504 
0.070 
0.036 
0.320 
1.162 
1.177 
1.847 
1.179 
0.940 
0.270 
0.145 
0.163 
1.160 
0.679 


Na 


026 
016 
058 
052 
023 
036 

063 
072 
061 
003 
018 
344 
165 


Ca 


041 
009 
097 
Oil 
.119 
154 
236 
351 
139 
Oil 
025 
.031 
909 
.288 


Mg 


141 


0.4080 
0 


0260.091 
0.385 


125 
169 


686 
558 
150 
150 
025 
061 
088 


0.336 
0.503 


1480.500 


1.500 
0.806 
0.370 
0.285 
0.111 
0.134 
0.650 


0310.240 


0090 

001 

005 

1600 

034 

052 

037 

076 

264 

024 


a 


.058 
0.0004 
0.098 

045 


0.034 


0570.791 
0180.445 
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With  the  exception  of  the  calcium  and  magnesium  contents  the 
seeds  generally  resemble  each  other  in  most  respects  in  the  char- 
acter of  their  inorganic  content.  We  have  described  experiments 
which  show  that  each  of  the  more  important  seeds  fails  to  supply 
an  inorganic  mixture  of  a  suitable  character  to  support  growth 
(3).  The  similarity  in  the  inorganic  content  of  the  seeds  would 
suggest  that  mixtures  of  seeds  should  be  little  better  with  re- 
spect to  this  dietary  factor  than  are  the  seeds  when  fed  singly. 
The  ^periments  reported  in  this  paper  demonstrate  that  this  is 
the  case. 

In  the  present  series  of  papers  in  which  we  are  analyzing  by 
biological  methods  mixtures  of  foods  which  are  representative 
of  the  diets  employed  in  those  regions  where  pellagra  is  preva- 
lent, we  are  proceeding  from  the  simple  to  the  complex  mixtures 
determining  in  each  case  the  exact  nature  of  the  dietary  de- 
ficiency. 

The  seeds  of  plants  necessarily  form  a  very  large  part  of  the 
diet  of  man,  because  when  ripe  they  are  suflBciently  dry  to  make 
them  not  diflScult  to  keep  in  a  wholesome  condition  during  a  long 
period.  Those  which  are  widely  employed  as  food  have  either 
when  raw  or  develop  during  cooking  flavors  which  render  them 
acceptable  to  the  palate.  This  is  in  marked  contrast  to  the 
leaves  of  plants  which  with  few  exceptions  contain  tannin  or 
other  bitter  substances  which  render  them  imappetizing  to  man. 
It  was  never  suspected  that  the  seeds  as  a  class  had  any  common 
dietary  deficiencies  until  these  were  made  evident  by  our  system- 
atic feeding  of  each  seed  with  single  and  multiple  additions  of 
the  purified  food  substances,  protein,  inorganic  salts,  and  the 
fat-soluble  A,  in  all  possible  combinations.  The  biological  values 
of  the  several  food  factors  contained  in  the  most  important 
seeds,  as  revealed  by  this  method,  have  been  discussed  at  length 
in  preceding  publications  (3). 

The  fact  that  the  seeds  are  not  complete  from  the  dietetic  stand- 
point has  doubtless  escaped  observation  because  of  the  almost 
universal  use  of  fairly  liberal  amounts  of  the  flesh  of  animals  and 
the  products  of  the  dairy  in  this  coimtry  and  in  Europe.  Mod- 
erate amounts  of  milk  supplement  the  deficiencies  of  the  seeds 
most  satisfactorily  and  its  use  forms  the  greatest  factor  of  safety 
in  our  diet. 
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As  yet  very  little  is  known  regarding  the  supplemental'  rela- 
tionships of  the  proteins  of  one  seed  for  those  of  another.  One 
of  us  (4)  has  recorded  observations  on  swine  which  were  fed 
mixtures  of  two  of  the  cereal  grains,  nitrogen  balances  being 
kept  on  the  animals  during  a  period  of  growth.  These  records 
did  not  show  any  marked  increase  in  the  value  of  these  protein 
mixtures  for  growth  as  compared  with  the  proteins  of  the  indi- 
vidual grains  fed  singly.  Since  at  that  time  the  necessity  of 
adding  certain  salts  and  a  growth-promoting  fat  was  not  appre- 
ciated, the  data  obtained  cannot  be  now  regarded  as  satisfactory, 
and  the  subject  needs  further  study. 

We  have  in  former  papers  emphasized  the  principle  that  it  is 
possible  to  assign  to  a  food  factor  a  biological  value  only  when 
the  values  of  all  the  other  factors  in  the  diet  are  known  and 
remain  constant.  Thus  an  animal  may  be  able  to  grow  at  the 
normal  rate  on  a  diet,  the  proteins  of  which  are  of  such  a  quality 
as  to  scarcely  make  possible  the  retention  of  the  necessary  amount 
of  nitrogen  to  support  normal  growth,  if  the  inorganic  content 
and  the  two  unidentified  factors  are  very  satisfactory.  On  the 
same  food  mixture  so  modified  as  to  make  the  mineral  content 
less  satisfactory,  the  same  protein  supply  will  fail  to  nourish  the 
animal  properly.  Distinct  benefit  can  be  shown  with  such  ra- 
tions to  follow  the  improvement  of  the  protein  moiety  of  the  diet, 
when  the  salt  content  remains  less  satisfactory  than  the  optimum. 
In  other  words,  if  one  takes  an  ideal  diet  as.  100  per  cent,  one 
factor  in  that  diet  can  be  lowered  on  the  scale  to  60  per  cent  and 
the  animal  may  make  a  nearly  normal  performance,  but  if  two 
factors  are  lowered  to  the  value  of  70  per  cent  each,  the  animal 
might  make  a  three-fourths  normal  growth,  but  if  one  factor 
were  lowered  to  50  and  another  to  60,  signs  of  malnutrition  soon 
become  apparent.  As  was  pointed  out  in  a  previous  paper  (1), 
one  cannot  say  what  is  an  adequate  supply  of  a  dietarj'  factor 
unless  the  biological  value  of  each  of  the  others  is  known. 

In  the  past  because  of  the  absence  of  adequate  knowledge  con- 
cerning the  number  of  factors  which  are  essential  in  the  diet  and 
great  paucity  of  data  regarding  the  differences  in  the  quality  of  the 
proteins  from  different  sources,  students  of  dietetics  have  placed 
great  reliance  on  the  energy  content  of  the  food  mixture  as  shown 
by  calorimetric  studies  and  the  protein  content  as  shown  by 
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applying  the  conventional  factor  to  the  nitrogen  content,  as  the 
criteria  by  which  the  ration  should  be  judged.  Discussibns  of 
the  ecjonomics  of  diet  have  therefore  not  infrequently,  even  fn 
"very  recent  times,  presented  as  the  main  thesis  the  relative  cost 
of  100  calories  of  energy  and  the  cost  of  100  gm.  of  protein.  As 
a  phase  of  the  discussion  of  the  diet  in  its  relation  to  pellagra,  we 
wish  to  illustrate  clearly  how  far  these  data  may  fail  to  indicate 
the  vahie  of  a  food  mixture,  especially  during  growth. 

Aron  (5),  in  his  studies  of  the  dietaries  of  the  Filipinos,  states 
that  the  diet  of  many  of  the  poor  laborers  consists  essentially  of 
about  700  gm.  of  rice  and  260  gm.  of  fish,  the  energy  vahie  of  the 
fish  being  equivalent  to  about  60  gm.  of  rice.  Dairy  products 
are  not  eaten  by  these  people,  and  Aron  states  that  the  energy 
value  of  the  fruits  and  fresh  vegetables  eaten  by  his  subjects  was 
so  smaU  that  it  might  be  neglected  in  his  records.  Beri-beri  is 
very  prevalent  where  such  a  monotonous  and  inadequate  diet  of 
rice  and  fish  is  eaten. 

Chittenden  and  Underbill  (6)  have  recently  described  a  con- 
dition in  dogs,  which  corresponds  closely  to  the  syndrome  of 
pellagra  in  man.  They  produced  this  condition  by  feeding  the 
animals  a  monotonous  diet  which  consisted  of  crackers,  peas, 
and  cottonseed  oil — a  diet  derived  wholly  from  the  seeds  of  plants. 
Goldberger  (7)  has  described  experiments  in  which  he  has  pro- 
duced in  man  what  he  and  other  cUnicians  famiUar  with  the  dis- 
ease believed  to  be  incipient  pellagra,  by  restricting  the  diet 
during  5^  months  to  dishes  prepared  from  com  meal,  corn  grits, 
wheat  flour,  rice,  sugar,  starch,  syrup,  pork  fat,  sweet  potatoes, 
cabbage,  collards,  turnip  greens,  and  coffee.  We  have  pointed 
out  (8)  that  the  energy  content  of  the  diet  was  derived  to  the  ex- 
tent of  about  95  per  cent  from  seeds  and  pork  fat.  It  is  with  the 
purpose  of  emphasizing  the  impossibiUty  of  making  an  adequate 
diet  from  seeds  or  seed  products  that  we  present  the  data  in  the 
accompanying  charts.  The  experimental  diets  described,  illus- 
trate in  addition,  however,  the  exact  nature  of  the  deficiencies  ctf 
such  seed  mixtures.  They  make  clear  the  necessity  both  in 
human  nutrition  and  animal  production  of  supplementing  the 
seeds  with  either  milk  or  the  leafy  vegetables  in  liberal  amounts 
if  growth  in  the  young  is  to  be  satisfactory,  and  if  the  vitality  a8 
reflected  in  longevity  and  the  capacity  to  produce  and  rear  lar^ 
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numbers  of  young  is  to  be  fostered.  Animals,  which  have  been 
restricted  to  inadequate  and  monotonous  diets,  have  in  our  ex- 
perience been  subject  to  infections  of  the  lungs  and  to  a  condition 
suggestive  of  bronchitis,  one  or  both  of  which  constitute  the 
terminal  event  in  the  lives  of  the  animals.  Xerophthalmia  is 
seen  in  those  animals  whose  diet  lacks  an  adequate  amount  of 
the  fat-soluble  A  and  beri-beri  when  there  is  a  shortage  of  water- 
soluble  B.  Poor  condition  of  the  hair,  with  varying  degrees  of 
baldness  in  some  cases,  an  incrustation  of  the  ears,  irritation  of 
the  skin,  excessive  development  of  warts,  especially  on  the  nose 
and  tail,  extreme  timidity  in  certain  animals  brought  to  a  state 
of  malnutrition  which  in  many  instances  was  manifest  only  in 
failure  to  grow,  in  others  by  loss  of  hair  and  unthrifty  appearance, 
as  well  as  timidity,  are  conmion  observations  in  our  rat  colony, 
where  many  types  of  faulty  diets  have  been  employed.  Height- 
ened resistance  to  disease  is  one  of  the  outstanding  features  in 
those  groups  of  our  animals  whose  diets  are  of  such  a  character 
as  to  induce  rapid  and  sustained  growth  in  the  young. 

Those  who  select  their  food  solely  with  a  view  to  economy  as 
respects  cost,  find  in  the  literature  concerning  foods  the  informa- 
tion that  the  cheapest  sources  of  both  energy  and  protein  are  the 
cereal  grains,  and  the  legume  seeds,  peas  and  beans.  Economic 
conditions  are  now  such  that  rigid  economy  is  necessary  in  the 
purchase  of  food,  especially  among  city  dwellers  with  small  in- 
comes. Unless  the  public  is  speedily  educated  regarding  the 
necessity  of  employing  regularly  in  the  diet  either  an  appropriate 
amoimt  of  milk  or  of  the  leafy  vegetables,  it  seems  certain  that 
the  time  is  not  far  distant  when  dietary  errors  now  becoming 
common  will  become  a  still  more  important  menace  to  the  public 
health. 

The  necessity  of  increasing  the  content  of  sodium,  chlorine, 
and  calcium  in  a  diet  principally  derived  from  seeds  before 
growth  can  proceed,  aflfords  a  striking  example  of  the  depend- 
ence of  the  growing  animal  on  an  appropriately  constituted  in- 
organic mixture  as  a  foundation  upon  which  to  superimpose  a 
suitable  organic  ration.  The  necessity  of  an  adequate  supply  of 
those  elements  which  constitute  the  ash  left  on  incineration  of 
the  animal  body  has  bQen  appreciated  since  the  early  experi- 
ments of  Lunin  (9)  and  of  Forster  (10)  with  ash-free  diets.    It 
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seems  evident,  however,  that  the  efficiency  of  the  mucosa  of  the 
alimentary  tract,  the  kidneys,  and  skin  in  maintaining  an  ap- 
propriate relationship  among  the  inorganic  elements  in  the  blood 
and  tissues  by  selective  absorption  and  selective  excretion  has 
been  greatly  overestimated.  These  are  important  factors  of 
safety,  but  are  not  sensitive  enough  to  protect  the  physiological 
well-being  of  the  animal  imder  conditions  which  it  may  meet  in 
taking  a  diet  exclusively  of  seeds. 

Previous  to  our  solution  of  the  problem  of  the  successful  feed- 
ing of  diets  consisting  of  purified  protein,  carbohydrates,  fats, 
inorganic  salts,  and  appropriate  additions  to  furnish  the  two 
unidentified  dietary  factors,  the  problem  of  determining  what 
constitutes  the  optimum  inorganic  content  in  the  diet  of  a  mam- 
mal was  not  possible  of  solution,  since  only  with  natural  foods 
could  diets  be  prepared  which  were  capable  of  supporting  growth. 
TShe  natural  foods  show  considerable  variation  in  their  content 
of  mineral  elements,  and  complicated  greatly  the  anal3rtical  con- 
trol of  the  composition  of  the  food.  The  greatest  obstacle  to 
the  Study  of  the  problem  lay,  however,  in  the  fact  that  every 
natural  food  product  contains  quaUtatively  all  the  mineral  ele- 
ments necessary  for  the  adequate  nutrition  of  an  animal.  It  is 
impossible  to  remove  these,  without  at  the  same  time  extracting 
certain  organic  constituents  which  might  possibly  change  the 
dietary  value  of  the  substance  being  studied. 

Since  we  have  now  perfected  the  technique  of  preparing  from 
salt-free  materials  the  organic  portion  of  the  ration  so  as  to  be 
highly  satisfactory  when  suitable  salt  mixtures,  prepared  from 
pure  reagents,  are  added,  we  have  thus  made  possible  the  investi- 
gation of  the  problems  relating  to  the  needs  of  the  mammal  for 
inorganic  elements  during  growth  and  reproduction.  These  prob- 
lems are  now  occupying  our  attention. 

In  a  previous  paper  we  have  described  experiments  which 
showed  that  the  leaf  of  the  plant  is  very  different  from  the  seed 
from  the  dietary  standpoint.  In  contrast  with  the  cereal  grains 
the  leafy  portion  of  the  plant  is  very  rich  in  the  fat-soluble  A 
as  well  as  in  the  water-soluble  B,  and  is  likewise  much  richer  in 
sodium,  chlorine,  and  calcium  than  are  seeds.  These  diflfer- 
ences  in  dietary  properties  go  with  differences  in  function.  The 
seed  is  composed  of  relatively  few  functioning  cells  and  much 


Digitized  by 


Google 


310  Pellagra-Producing  Diets.     IV 

reserve  food  material.  The  endosperm  is  comparable  in  great 
measure  with  a  mixture  of  purified  protein,  carbohydrate,  fats, 
and  inorganic  salts.  The  germ  with  its  high  cellular  content  is 
relatively  richer  in  both  the  fatnsoluble  A  and  water-sohible  B 
than  is  the  endosperm. 

The  leaf,  on  the  other  hand,  is  a  mosaic  of  living  celk,  which 
is  the  seat  of  the  great  83rnthetic  activities  of  the  growing  plant. 
Corresponding  to  this  difference  in  function,  we  have  found  equally 
great  differences  in  dietary  properties. 

SUMMARY  OP  DATA  IN  CHARTS. 

1.  Even  with  food  mixtures  derived  from  two  to  five  seeds 
we  have  not  found  it  possible  to  induce  any  growth  in  young 
rats  when  the  animals  were  given  distilled  water  to  drink,  and  , 
were  therefore,  afforded  no  inorganic  salt  supply  other  th^ 
what  was  contained  in  the  seeds.  The  elements,  sodium,  chlorine, 
and  calcium,  are  the  only  ones  which  must  be  added  in  order  to 
make  the  seeds  complete  from  the  inorganic  side.  Iodine  was 
given  in  the  drinking  water  once  each  week. 

2.  There  is  some  improvement  in  the  biological  values  of  the 
proteins  of  mixtures  of  seeds  in  all  cases  over  the  values  of  the 
proteins  of  the  seeds  fed  singly.  Doubtless  in  certain  cases  the 
values  of  such  mixtures  are  high,  but  with  simple  mixtures  of  the 
cereal  grains  we  have  not  been  able  to  demonstrate  a  high  degree 
of  eflSciency  as  a  source  of  protein  in  any  case. 

3.  Millet  seed  ,and  flaxseed  are  both  distinctly  better  as  sources 
of  the  fat-soluble  A  than  are  the  cereal  grains,  wheat,  maize,  and 
oats.  Mixtures  of  seeds  containing  one  of  these  may,  when 
properly  supplemented  with  calcium,  sodium,  and  chlorine,  sup- 
port animals  in  apparently  good  health,  and  without  the  appear- 
ance of  xerophthalmia. 

4.  Emphasis  is  laid  upon  the  close  similarity  of  seeds  from  the 
dietary  standpoint  and  the  danger  of  deriving  the  diet  almost 
exclusively  from  this  source. 
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Salt  Mixture  185.  Salt  Mixture  500. 

gm.  gm. 

Naa 0.173  NaCl 0.5148 

MgSOi  (anhydrous) 0.266  CaCl, 0.2569 

NaH,P04H,0 0.347  K,HP04 0.3113 

KiHPOi 0.954  Kcitrate 0.5562 

CaH4(P04)i.H,0 0.540  Ca  lactate 2.878 

Fe  citrate 0. 118 

Calactate 1.30 

Salt  Mixture  318. 

gm. 

NaCl ^...  1.40 

KjHPOi 2.531 

K  citrate  H,0 0.710 

CaSO^ 0.578 

Calactate 7.058 
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THYROID  HYPERPLASIA  AND  THE  RELATION  OF 
IODINE  TO  THE  HAIRLESS  PIG  MALADY.    I* 

By  E.  B.  hart  and  H.  STEENBOCK. 

(From  the  Laboratory  of  Agricultural  Chemistry  of  the  University  of 
Wisconsin f  Madison,) 

Plates  2  and  3. 

(Received  for  publication,  December  17,  1917.) 

In  our  early  experimental  inquiries^  on  the  growth  of  swine  we 
soon  learned  that  restriction  to  any  one  grain  and  its  protein  con- 
centrate or  a  mixture  of  grains  and  seed  protein  concentrates 
would  lead  to  nutritional  failure.  Growth  would  cease  and  evi- 
dences of  serious  malnutrition  appear.  It  was  found  that  cer- 
tain supplements  to  the  grains  must.be  made  if  physiological 
soundness  was  to  be  maintained  and  growth  continued.  Among 
the  efficient  supplements  were  tankage,  milk,  or  the  leaf  and  stem 
portion  of  plants,  such  as  alfalfa.  The  plant  roughage  or 
tankage  was  more  efficient  than  milk,  the  latter  ultimately  fail- 
ing as  a  sole  supplement  to  the  grain  for  perfect  nutrition  in  the 
proportion  used  and  under  strict  confinement  of  the  animals.  We 
believe  this  failure  of  milk  to  rest  solely  on  its  quantitative  rela- 
tion to  the  grain  mixture  and  had  enough  been  supplied,  success 
would  have  followed.  With  other  species  of  animals  and  milk  as 
milk  powder  constituting  10  per  cent  of  the  dry  matter  of  a 
grain  ration,  successful  nutrition  has  been  attained. 

After  making  clear  what  classes  of  materials  must  be  used  as 
supplements  to  the  grains  for  successful  growth, — without  as  yet 
having  finished  the  problem  as  to  the  complete  analysis  of  the 
factors  for  successful  nutrition  contributed  by  the  supplements, — 
our  animals  were  involved  in  reproduction.    In  a  number  of  cases 

*  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station. 

» Hart,  E.  B.,  and  McCollum,  E.  V.,  /.  Biol.  Chem.,  1914,  xix,  373; 
Proc.  Am,  Soc,  Animal  Production,  1915,  p.  49;  /.  Biol,  Chem.,  1916,  xxiv, 
p.  xxviii.  Hart,  E.  B.,  Miller,  W.  S.,  and  McCollum,  E.  V.,  ibid,,  1916, 
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the  young  were  bom  dead  and  hairless  or  if  alive  when  bom  hair- 
less, died  in  a  few  hours.  As  it  was  known  to  us  that  this  malady 
existed  to  a  serious  extent  in  certain  parts  of  the  northwest- 
era  part  of  this  country  and  also  occurred  in  the  state  of  Wiscon- 
sin, our  attenticm  was  directed  to  the  solution  of  its  cause  and 
remedy.  After  we  were  well  along  in  the  solution  of  the  problem 
a  paper  by  Smith^  appeared  from  the  Montana  Agricultural  Ex- 
periment Station.  Smith  had  reached  the  conclusion,  which  our 
data  also  support;  namely,  that  the  malady  was  associated  with  a 
hyperplasia  of  the  thyroid  gland  and  could  be  corrected  by  the 
use  of  iodine.  He  further  concluded  that  the  malady  was  due 
to  a  deficiency  of  iodine  in  the  feed  consumed  by  the  brood  sows 
in  that  locality  and  believed  that  if  more  iodine  were  fed  preg- 
nant animals  over  large  sections  of  this  continent,  especially  dur- 
ing the  winter  months,  the  young  that  they  produced  would  be 
more  healthy  and  more  vigorous  and  the  large  number  of  weak 
and  defective  young  animab  that  are  produced  annually  would 
be  greatly  reduced.  This  last  conclusion  by  Smith  is  probably 
open  to  question,  because  of  the  fact  that  of  the  vast  numbers  of 
farm  animals  bom  yearly,  but  a  relatively  small  proportion  are 
aflSicted  with  those  weaknesses  that  result  fatally  from  a  faulty 
thyroid  metabolism  and  low  iodine  supply. 

Supply  of  Iodine  in  Feeds. 

The  work  of  Forbes*  and  his  associates,  and  that  of  Bohn*  in 
our  own  laboratory,  show  that  feeds  from  all  parts  of  the  country 
are  extremely  low  in  their  iodine  content  and  with  the  methods 
available  for  its  quantitative  determination  no  distinction  as  to 
the  iodine  content  of  feeds  from  different  localities  could  be  made. 
It  may  be  a  fact  that  the  iodine  content  of  feeds  from  different 
regions  is  very  similar,  but  it  is  also  entirely  possible  that  our 
analytical  methods  are  still  too  cmde  to  make  the  distinctions 
which  may  really  exist.  But  while  it  is  true  that  the  iodine  con- 
tent of  feeds  by  the  present  analytical  methods  is  recorded  from 

«  Smith,  G.  E.,  /.  Biol.  Chem.,  1917,  xxix,  215. 

*  Forbes,  £.  B.,  and  Beegle,  F.  M.,  Ohio  Agric.  Exp.  Station^  BuU.  t9$t 
1916. 

*  Bohn,  R.  M.,  /.  BioL  Ckem.,  1916-17,  xxviii,  375. 
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a  trace  or  none  to  a  percentage  in  the  thousandth  place,  as 
for  beans  0.0002  per  cent,,  wheat  0.0003  per  cent,  and  rarely 
reaches  a  thousandth  of  a  per  cent,  although  com  stover  showed 
0.0012  per  cent  and  celery  0.0016  per  cent,  it  is  equally  true  that 
the  iodine  content  of  the  normal  thyroid  is  relatively  low.  The 
normal  fresh  thyroid  of  a  300  pound  pig  will  weigh  about  50  gm., 
equivalent  to  about  7.5  gm.  of  dry  matter  with  0.2  per  cent  of 
iodine  or  15  mg.  In  100  pounds  of  feed  with  0.0002  per  cent  of 
iodine  there  are  90  mg.  of  iodine,  or  six  times  that  of  a  normal 
swine  thyroid.  The  rate  of  metabolism  of  the  thyroid  colloid  is 
unknown.  The  wonderful  avidity  of  thyroid  tissue  for  iodine, 
as  lately  demonstrated  by  Marine  and  Feiss  and  Marine  and 
Rogoff,*  makes  it  appear  more  than  probable  that  it  is  not,  at 
least  in  aU  cases,  a  deficiency  of  iodine  in  the  feed  per  se,  that  is 
the  primary  cause  of  thyroid  hyperplasia  in  swine  producing  hair- 
less pigs,  but  that  the  problem  is  more  complex  and  related  to  the 
absorption  of  iodine  from  the  dig^tive  tract  or  by  the  thyroid 
gland  itself. 

We  have  successfully  corrected  the  malady  of  hairless  pig  pro- 
duction by  the  use  of  potassium  iodide,  but  would  hesitate  to  pre- 
scribe potassium  iodide  as  a  necessity  for  normal  reproduction  for 
all  regions  and  all  animals.  The  same  feeds  that  produce  hairless 
and  dead  pigs  can  be  so  combined  as  to  produce  normal  pigs. 
What  the  problem  needs  is  a  fundamental  study  of  all  the  factors 
that  may  contribute  to  the  final  condition  of  a  deranged  thjroid 
gland  and  its  accompanying  faulty  metabolism.  If  certain  un- 
known conditions  are  favorable  a  sow  may  obtain  from  natural 
feeds  the  iodine  required  for  both  her  own  and  the  fetal  thy- 
roids, but  if  imknown  and  unfavorable  conditions  prevail  the  ani- 
mal may  obtain  barely  enough  for  her  own  thjroid  activity,  but 
not  enough  for  fetal  thyroid  development.  We  have  not  com- 
pleted our  studies  of  the  problem,  but  what  information  we  have 
accumulated  is  oflfered  as  a  preliminary  report. 

*  Marine,  D.,  and  Feiss,  H.  O.,  /.  Pharm,  and  Exp,  Therap^  1915,  vii, 
557.    Marine,  D.,  and  Rogoff,  J.  M.,  ibid,,  1916,  viii,  439. 
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EXPERIMENTAL. 

After  our  early  experiments  on  the  growth  of  swine  with  grains 
and  grain  mixtures  had  demonstrated  the  incompleteness  of  such 
rations  and  their  disturbing  influence  on  reproduction,  attempts 
were  made  to  determine  the  amoimt  of  alfalfa  that  must  be  intro- 
duced into  the  ration  to  secure  a  complete  cycle  of  life.  With  15 
per  cent  of  the  air-dried  ration,  as  air-dried  alfalfa,  good  growth 
and  reproduction  were  secured.  This  particular  ration  consisted 
of  25  parts  of  com  meal,  25  parts  of  oat  meal,  25  parts  of  wheat 
middlings,  10  parts  of  oil  meal,  and  15  parts  of  alfalfa.  The  pigs 
were  strictly  confined  to  the  ration  in  pens  9  by  12  feet,  with 
shavings  as  Utter.  They  grew  well,  but  their  first  Utters  of  pigs 
were  bom  dead  and  hairless.  The  hairless  pigs  were  of  normal 
weight  and  size  and  were  generally  carried  a  Uttle  over  the  full 
gestation  time, — 4  to  7  days.  If  born  aUve  they  lived  a  few  hours 
after  birth,  but  always  died  sooner  or  later.  They  are  charac- 
terized by  thick  pulpy  necks  and  thick  skin  infiltrated  with  mucin 
material.  The  hair  coat  may  vary  and  appears  to  bear  a  particu- 
lar relation  to  their  vitaUty.  Where  hairless,  the  skin  is  smooth, 
shiny  and  bald,  except  for  a  few  hairs  around  the  eyes  and  nose. 
In  the  same  Utter  there  may  be  variation  from  full  hair  coats 
with  full  vigor  to  the  scanty  hair  coats  and  Uttle  vitaUty.  The 
hoofs  of  hairless  pigs  are  thin  waUed  and  undeveloped  and  the 
thjrroid  gland  is  greatly  enlarged. 

In  our  experience  the  fresh  weight  of  the  thyroid  from  hairless 
new-born  pigs  may  vary  from  0.5  to  3.5  gm.,  while  the  fresh 
weight  of  the  thjroid  from  the  normal  new-bom  pig  is  rarely 
over  0.3  gm.  It  is  difficult  to  state  just  what  a  normal  th3rroid 
is,  for  there  is  considerable  variation  in  weight  in  the  thyroids 
from  apparently  normal  pigs,  but  in  the  50  to  60  thyroids  which 
we  have  examined  from  normal  1  day  old  pigs  the  fresh  weight 
varied  from  0.160  to  0.800  gm. 

The  thyroid  of  sows  producing  normal  pigs  also  varies  in  size, 
and  sows  of  300  pounds'  Uve  weight  may  have  fresh  thyroids 
varying  in  weights  of  from  20  to  50  gm.  The  thyroid  of  sows 
producing  hairless  pigs  is  likewise  large  and  may  weigh  125  gm- 
in  the  fresh  state.  In  our  experience  there  is  not  complete  invo- 
lution, through  the  administration  of  potassium  iodide,  of  the 
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th3rroid  of  the  mother  producing  hairless  pigs,  although  it  does 
serve  to  give  the  normal  sised  thyroid  to  the  fetus.  As  an  illus- 
tration, a  th3rroid  from  a  mother  that  had  always  produced  hair- 
less pigs,  but  in  the  last  gestation  had  received  potaissium 
iodide,  weighed  when  fresh  112  gm.  and  was  translucent  and 
gelatinous  in  appearance,  indicating  a  richness  in  colloid;  it  con- 
tained 0.62  per  cent  of  iodine  in  the  dry  matter,  which  weighed, 
33  gm.,  but  the  fresh  thyroid  was  of  the  size  of  a  man's  fist 
while  the  normal  300  poimd  pig's  thyroid  approximates  the  size 
of  a  walnut. 

It  has  already  been  made  clear  by  the  work  of  Marine^  and 
others  that  the  enlarged  thyroid,  accompanied  by  the  symptoms 
of  myicedema  and  dermal  malnutrition,  is  a  thyroid  low  in  iodine. 
This  enlarged  vascular  system  of  the  thyroid  gland  is  directly 
related  to  an  automatic  attempt  on  the  part  of  the  organism  to 
furnish  a  blood  of  probably  lower  iodine  concentration  to  the 
thyroid  at  a  greater  rate,  in  order  that  this  gland  may  meet  the 
requirements  for  adequate  colloid  building.  This  is  exactly  the 
condition  of  the  thyroid  in  the  hairless  pig.  Its  iodine  content 
is  either  but  a  trace  or  none.  1  day  old  pigs  with  scanty  hair 
coat  contained  0.02  to  0.05  per  cent  of  iodine  in  the  dried  thjrroid, 
while  the  thyroid  from  the  dead  and  hairless  pigs  contained  in- 
estimable quantities  of  iodine.  The  iodine  content  of  the  nor- 
mal dried  thyroid  of  1  day  old  pigs  varies  from  0.1  to  0.6  per 
cent.  Our  own  experiments,  therefore,  confirm  in  every  respect 
the  belief  that  there  is  a  close  relation  between  the  hairless  pig 
malady  and  the  iodine  assimilation  by  either  intestine  or  thyroid 
of  the  mother. 

After  we  had  produced  hairless  pigs  by  the  above  ration,  the 
same  sows  were  fed  during  the  second  gestation  period  a  ration 
consisting  of  33  parts  of  com,  33  parts  of  oats,  and  33  parts  of 
alfalfa.  On  this  ration  dead  and  hairless  pigs  were  again  pro- 
duced. With  these  mothers,  once  there  had  been  induced  serious 
derangement,  through  the  use  of  the  first  ration,  of  either  in- 
testinal absorption  or  thyroid  metabolism,  the  introduction  of  a 
lower  protein  level  and  larger  amount  of  roughage  did  not  act 
as  a  corrective.  Bearing  in  mind  the  possibility  that  alfalfa 
itself  was  a  contributor  to  this  disturbance  the  sows  were  car- 
ried through  a  third  gestation  on  a  ration  of  33  parts  of  corn,  33 
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parts  of  oats,  and  33  parts  of  clover.  Again,  hairless  and  dead 
pigs  were  bom.  In  the  fourth  gestation  period  potassium  iodide, 
at  the  rate  of  10  gm.  per  100  pounds  of  feed  was  given  with  the 
above  ration, — 33  parts  of  com,  33  parts  of  oats,  and  33  parts  of 
clover.  On  this  ration  normal,  vigorous  and  healthy  offspring 
were  produced.  The  thyroids  from  the  pigs  bom  in  the  third 
gestation  were  large,  weighed  2  to  3  gm.  fresh,  and  contained  no 
iodine.  In  the  fourth  gestation,  the  fresh  th3rroids  of  1  day  old 
pigs  weighed  from  0.260  to  0.4  gm.  and  contained  0.3  to  0.4  per 
cent  of  iodine  in  the  dry  material. 

The  proportion  of  potassium  iodide  fed  was  arbitrarily  chosen 
and  possibly  less  would  adequately  correct  the  trouble.  Marine 
and  Kimball*  say  that  1  mg.  of 'iodine  given  weekly  by  mouth 
is  ample  to  prevent  goiter  in  dogs.  The  rate  of  10  gm.  per  100 
pounds  of  feed  is  equivalent  to  approximately  0.016  per  cent  of 
iodine,  which  is  much  more  than  is  contained  in  natural  feeds 
and  which  can  give  successful  reproduction.  If,  however,  it 
should  be  found' wise  to  insure  our  herds  of  breeding  swine  against 
this  trouble,  it  can  be  done  at  the  present  price  of  potassium 
iodide  (7  dollars  per  kilo)  for  30  cents  per  head  and  used  during 
the  full  gestation  period. 

After  observing  these  first  results  with  15  per  cent  of  alfalfa 
in  the  ration.and  a  high  protein  intake  during  the  growing  period, 
we  beUeved  that  it  would  be  a  simple  matter  to  produce  enlarged 
th)rroids  and  hairless  pigs  by  feeding  almost  any  combination 
of  food  materials,  particularly  from  plant  sources.  Consequently 
sows  of  30  to  50  pounds'  weight  were  started  on  rations  made  up 
of  75  parts  of  corn  and  25  parts  of  alfalfa;  75  parts  of  rolled  oats 
and  25  parts  of  alfalfa;  75  parts  of  wheat  and  25  parts  of  alfalfa. 
These  animals  grew  well,  although  slightly  below  the  normal  rate. 
They  were  fed  natural  water  as  had  been  the  case  in  all  the  other 
experiments,  but  were  strictly  confined.  The  first  litters  of  all  of 
these  sows  on  these  rations  were  strong  and  vigorous.  There 
was  not  a  scanty  hair  coat  in  any  of  the  litters  or  an  enlarged 
thyroid  among  those  examined.  The  thyroids  weired  from 
0.100  to  0.300  gm.  fresh  and  contained  0.25  to  0.40  per  cent  of 
iodine  in  the  dry  material.     The  feeds  were  from  the  same 

•  Marine,  D.,  and  Kimball,  O.  P.,  J.  Lab,  and  Clin,  Med,,  1917,  iii,  40. 
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SDurceB  ad  in  the  previous  experiments  and  as  far  as  analyiiciJ 
methods  could  show,  contained  no  more  iodine  *than  those  used 
in  our  first  ration. 

The  diflference  between  the  two  types  of  rations  was  not  in 
the  iodine  content,  but  the  percentage  of  protein  and  ihe  per- 
centage of  roughage.  The  first  ration  contained  14  to  15  per 
cent  of  protein  and  the  second  about  10  per  cent.  The  first 
ration  contained  but  15  per  cent  of  alfalfa  and  the  second  25 
per  cent. 

It  has  been  believed  for  some  time  that  the  thyroid  gland 
serves  as  a  detoxicating  agent  and  that  the  h3rperplasia  results 
from  stimulation  to  the  gland  to  produce  more  and  more  colloid 
for  purposes  of  detoxication.  Such  an  hypothesis  must  assume 
that  the  iodine  compoimd  produced  by  tlie  thyroid  is,  under 
conditions  of  high  toxicity,  either  eliminated  from  the  blood 
stream  at  a  more  rapid  rate  than  normally,  or  is  insoluble  in  the 
blood  stream  and  cannot  transfuse  the  placental  wall.  It  as- 
sumes that  there  is  just  as  much  iodine  coming  into  the  blood 
stream  through  the  intestinal  walls  as  under  normal  conditions. 
If  this  is  the  case,  however,  it  is  difficult  to  comprehend  why  there 
should  be  a  deficiency  of  iodine  for  the  fetal  thyroid  unless  we 
assume,  as  stated  above,  that  there  is  a  more  rapid  elimination 
<rf  iodine  compounds  or  the  formation  of  iodine  compounds  in- 
soluble in  the  blood. 

The  fact  that  our  first  ration  was  high  in  protein  and  low  in 
roughage  would  suggest  an  alternate  hypothesis.  Such  a  ration 
would  lead  to  more  or  less  intestinal  putrefaction  with  the  ac- 
companying conditions  of  faulty  assimilation.  A  faulty  assimi- 
lation of  the  iodine  compounds  in  the  food  would  lower  the 
iodine  supply  in  the  blood.  This  would  lead  to  the  hyperplasia 
of  the  thyroid  gland  of  the  mother  as  well  as  that  of  the  fetus. 
Or  it  is  possible  that  the  selective  absorption  of  iodine,  instead 
of  being  wholly  referred  to  the  intestine,  may  be  referred  directly 
to  the  thyroid  gland.  Toxic  substances  produced  through 
putrefaction  in  the  intestine  or  coming  directly  from  the  food 
may,  after  absorption  into  the  blood,  cauito  a  derangement  of  the 
iodine-absorbing  mechanism  of  the  thyroid  gland;  only  then  as 
the  mass  of  iodine  in  the  blood  is  further  increased  by  the  admin- 
istration o/  iodine,  can  normal  absorption  by  the  thyjoid  gland 
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be  reestablished.  This  condition  could  apply  to  the  fetus  as  well 
as  to  the  motRer.  This  hypothesis  would  not  preclude  the 
possibiUty  of  a  goitrous  condition  due  to  an  actual  deficiency  of 
iodine  in  the  food  material  in  certain  regions,  if  it  really  existed. 
It  would,  however,  explain  the  differences  observed  in  the  effect 
of  the  two  types  of  rations  mentioned  above  and,  further,  ex- 
plain the  sporadic  occurrence  of  the  hairless  pig  malady.  This 
disease  occurs  more  often  in  gilts  than  in  old  sows.  It  is  more 
likely  to  occur  in  the  spring  and  disappear  with  the  fall  litters. 
On  one  farm  in  Wisconsin  fifteen  from  a  herd  of  twenty  brood 
sows  produced  hairless  pigs  in  the  spring  of  1917.  These  sows 
received  a  ration  of  flour  middlings,  ground  oats,  skim  milk, 
oil  meal,  and  some  ear  corn.  The  slop  for  the  greater  part  of 
the  winter  contained  mostly  skim  milk.  This  is  a  high  protein 
ration  and  probably  somewhat  constipating.  These  same  sows 
on  summer  pasture,  with  more  exercise  and  roughage  farrowed 
large,  healthy  litters.  The  high  protein  levels  fed  gilts,  the  les- 
sened exercise,  and  more  constipating  foods  of  winter  are  exactly 
the  conditions  accompanying  the  greater  prevalence  of  this 
malady;  and  these  are  the  more  Ukely  conditions  leading  to  a 
disturbed  assimilation  or  absorption  of  iodine. 

The  hypothesis  that  the  toxicity  comes  directly  from  the  food 
materials,  as  distinct  from  having  its  origin  in  intestinal  putre- 
faction, and  leads  to  a  deranged  thyroid  metaboUsm  is  not  out- 
side the  pale  of  possibilities.  Certain  saponins,  as  digitalin,  and 
toxic  substances,  as  ricin  and  abriii,  are  said  to  produce  th>Toid 
hyperplasia.  The  fact  that  the  hairless  pig  malady  in  the  north- 
west is  in  some  cases  sharply  limited  to  certain  areas,  but  that 
within  these  areas  there  are  unaffected  spots,  as  reported  by 
Smith,-  strongly  suggests  the  possibility  that  toxic  plants  may  be 
ijoncerned  in  the  production  of  a  faulty  thyroid  metabolism  and 
hairless  pigs  in  some  of  these  locaUties. 

Recently  Burget^  has  attempted  to  produce  thyroid  hyperplasia 
in  rats  experimentally.  In  this  he  succeeded  through  the  in- 
strumentaUty  of  unsanitary  conditions  and  high  protein  diets. 
Further  he  presents  evidence  to  show  that  the  enlarged  thyroid 
is  not  produced  by  specific  infection,  a  view  which  is  in  harmony 

'  Burget,  G.  E.,  Am.  /.  Physiol.,  1917,  xliv,  492. 
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with  our  own  observations.  One  of  two  sows,  reared  on  the  same 
ration  and  in  the  same  pen,  produced  hairless  pigs  and  the  other 
produced  sound  and  vigorous  oflFspring.  These  results  can  be 
ascribed  to  constitutional  differences,  inherited  factors  which  al- 
ways display  themselves  with  any  group  of  animals.  The  ration 
that  is  near  the  border  line  of  deficiency  in  iodine  and  at  the  same 
time  is  slightly  out  of  balance  in  some  other  respect  may  well 
affect  some  individuals  more  than  others. 

The  sows  that  had  been  reared  on  grain  and  alfalfa  (75  to  25 
parts)  with  successful  reproduction,  were  next  taken  to  higher 
protein  levels  and  lower  roughage, — a  ration  of  15  parts  of  alfalfa, 
45  parts  of  corn,  15  parts  of  oil  meal,  and  25  parts  of  middUngs. 
Here  there  has  also  been  ^successful  reproduction.  The  young 
pigs  were  well  haired,  and  the  thyroids  normal  and  with  normal 
iodine  content.  It  appears  probablC)  therefore,  that  the  dis- 
turbances to  thyroid  metabolism  are  more  likely  to  be  developed 
during  the  period  of  most  rapid  growth  of  this  species  than  after 
maturity,  but  final  conclusions  in  this  -respect  cannot  as  yet  be 
made. 

SUMMARY. 

A  brief  summary  of  our  experience  with  the  hairless  pig  malady 
supports  the  view  that  it  is  occasioned  by  a  low  iodine  assimila- 
tion by  either  intestine  or  thyroid,  resulting  in  a  goitrous  condi- 
tion in  both  mother  and  young.  This  condition  interferes  more 
severely  with  fetal  development  than  with  the  normal  mainte- 
nance of  the  mother. 

It  appears  to  be  produced  by  rations  with  high  protein  levels 
and  low  laxative  effects,  with  the  accompanying  condition  of 
lack  of  exercise  and  unclean  surroundings.  Young  sows  exposed 
to  suph  conditions  are  more  prone  to  develop  thyroid  enlarge- 
ment than  are  mature  sows.  We  recognize,  of  course,  that  there 
is  the  possibility  that  some  rations  from  certain  regions  are 
naturally  so  low  in  iodine  as  to  make  the  scarcity  of  iodine  the 
direct  cause. 

We  have  found  it  possible  to  grow  sows  to  maturity  on  natural 
feeding  materials  grown  in  southern  Wisconsin,  but  of  relatively 
low  protein  content  and  good  laxative  properties,  with  the  pro- 
duction of  normal  offspring.    On  the  other  hand,  these  same 
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feeds,  combined  in  different  proportions  and  fortified  with  protein 
concentrates  lead  to  the  production  of  hairless  pigs. 

We  are  of  the  opinion,  for  the  present  at  least,  that  we  have 
not  reached  the  stage  where  it  is  wise  to  advocate  the  general  uae 
of  iodine  in  the  feed  of  all  brood  sows;  that  the  conditions  lead* 
ing  to  the  production  of  hairless  pigs  should  first  be  analysed 
fully  in  order  that  we  may  acquire  a  complete  understanding  of 
the  reasons  for  the  successful  rearing  of  sows  intended  for  breed* 
ing  purposes  through  the  use  of  natural  materials,  unfortified  with 
potassium  iodide. 

However,  in  regions  and  on  farms  where  hairless  pig  produc- 
tion is  endemic  or  persistent  in  character  the  direct  use  of  iodides 
should  be  made. 

In  the  historical,  as  well  as  the  practical  phases  of  goiter  pre^ 
vention  some  observations  by  Marine  are  of  interest.    He  says:* 

''The  first  instance  of  preventing  goiter  on  a  large  scale  was  accidental 
and  in  connection  with  the  sheep  raising  industry  of  Michigan.  Prior  to 
the  discovery  of  salt  depositls  around  the  Great  Lakes,  the  future  of  the 
industry  seemed  hopeless,  but  with  the  development  of  the  salt  industry 
and  its  use  by  the  sheep  growers,  goiter  rapidly  decreased.  The  salt  con- 
tains appreciable  quantities  of  both  bromine  and  iodine The 

second  instance  of  goiter  prevention  on  a  large  scale  was  in  brook  trout. 
Some  years  ago  the  development  of  goiter  in  artificially  raised  members 
of  the  salmon  family  became  alarming  and  many  plants  were  abandoned 
on  account  of  the  disease.  After  considerable  work,  which  led  to  the  con- 
clusion that  the  disease  was  simple  goiter,  we  were  able  to  completely 
prevent  the  disease  in  several  hatcheries,  by  the  use  of  very  small  amounts 
of  tincture  of  iodine  added  to  the  water.'' 

It  is  therefore  to  be  expected,  that  with  the  elucidation  of  the 
cause  of  the  hairless  pig  malady,  a  prompt  remedy,  when  neces- 
sary, can  be  applied. 

EXPLANATION   OF   PLATES. 
Plate  2. 

Fio.  1.  Dead  and  hairless  pigs.  Note  the  thick  necks,  indicating  a 
goitrous  condition.  The  mother  of  these  pigs  had  been  reared  on  a  high 
protein  and  low  roughage  diet,  consisting  of  15  parts  of  alfalfa,  25  of  com, 
25  of  oats,  25  of  middlings,  and  10  of  oil  meal,  and  kept  under  strict  con* 
finement.  She  had  produced  two  litters  of  hairless  pigs  before  beiog 
changed  to  a  ration  of  33  parts  of  clover,  33  of  corn,  and  33  of  oats,  on 
which  the  above  pigs  were  produced. 
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(Hart  and  h'teenbock:  H&irleM  pic  malB^Jy    I ) 
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(Hart  and  Steenbook:  Hairless  pig  malady.  I  ) 
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Plate  3. 

Fig.  2.  The  same  sow  that  produced  the  pigs  shown  in  Fig.  1.  On  the 
same  ration,— 33  parts  of  corn,  33  of  oats,  33  of  clover, — but  fortified  with 
10  gm.  of  potassium  iodide  per  100  pounds  of  feed,  a  normal  litter  was 
produced. 

Fig.  3.  Reared  on  a  ration  of  low  protein  and  comparatively  high* 
roughage  content,  75  parts  of  corn,  25  of  alfalfa.  The  iodine  content  of 
this  ration  was  not  unlike  that  of  the  ration  which  produced  the  results 
shown  in  Fig.  1;  the  two  rations,  however,  differed  in  their  protein  and 
roughage  content  and  in  this  case  the  low  protein  diet  was  consumed  dur- 
ing the  life  of  the  animal,  including  the  growing  period. 
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ON  THE  ESTIMATION  OF  AMINO-ACDD  NITROGEN 
IN  THE  BLOOD. 

By  SEIZABURO  OKADA. 
{Prom  the  Medical  Clinic,  Imperial  University  of  Tokyo.) 

(Received  for  publication,  December  13,  1917.) 

Since  the  publication  of  the  nitrous  acid  method  for  the  deter- 
mination of  amino-acid  nitrogen  by  Van  Slyke^  in  1909,  the  lit- 
erature upon  the  occurrence  of  amino-acids  in  blood  and  tissues 
has  grown  rapidly.  Various  procedures  have  been  proposed  by 
different  authors  for  the  preliminary  removal  of  protein  necessary 
to  the  analyBis.  For  the  most  part  the  original  method  of  Van 
Slyke  and  Meyer*  has  been  followed,  in  which  the  blood  proteins 
are  removed  by  precipitation  with  nine  or  ten  volumes  of  95 
per  cent  alcohol. 

Recent  investigations  by  Folin  and  Denis,'  Greenwald,^  and  Bock,* 
however,  have  shown  that  the  use  of  alcohol  is  not  effective  owing  to  the 
fact  that  amino-acids  do  not  completely  escape  precipitation  by  alcohol. 
Folin  and  Denis  state  that  certain  nitrogenous  substances  such  as  creatine, 
asparagine,  and  tyrosine  added  to  the  blood  could  not  be  recovered  quan- 
titatively after  precipitation  with  methyl  alcohol.  Greenwald  found 
that  methyl  alcohol  filtrates  contained  only  a  little  over  half  of  the  amino- 
acids  added  to  the  blood.  After  a  number  of  experiments  with  several 
protein  precipitants,  he  found  that  trichloroacetic  acid  closely  approxi- 
mated the  ideal  precipitant.  Nine  volumes  of  2.5  per  cent  solution  to 
one  volume  of  blood  were  adopted  and  the  filtrates  treated  with  a  little 
kaolin.  It  was  found,  in  every  case,  that  the  trichloroacetic  acid  filtrate 
contained  all  the  added  amino-acid  nitrogen.  The  liquid  remains  clear 
after  the  addition  of  picric  acid  or  of  potassium  mercuric  iodide,  giving 
no  biuret  reaction.  Bock,  as  a  result  of  his  study  on  this  question,  con- 
cluded that  the  trichloroacetic  acid  procedure  gives  satbfactory  results, 

»  Van  Slyke,  D.  D.,  Proc,  Sac.  Exp.  Biol,  and  Med.,  1909-10,  vii,  43, 
/.  Biol.  Chem.,  1911,  ix,  185. 

2  Van  Slyke,  D.  D.,  and  Meyer,  G.  M.,  /.  Biol.  Chem.,  1912,  xii.  399. 
^  Folin,  O.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912,  xi,  527. 

*  Greenwald,  I.,  /.  Biol.  Chem.,  1915,  xxi,  61. 

•  Bock.  J.  C,  /.  Biol.  Chem.,  1916-17,  xxviii,  357. 
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but  is  somewhat  troublesome  in  certain  stages  of  the  manipulation.  Fil- 
tration is  very  slow,  and  the  alternative  process  of  centrifuging  such  large 
volumes  (300  to  500  cc.)  is  not  always  convenient.  To  avoid  this  diffi- 
culty, he  recommended  heat  coagulation  followed  by  trichloroacetic  acid 
precipitation. 

From  the  standpoint  of  accuracy  the  procedures  of  Greenwald 
and  Bock  are  both  satisfactory,  but  some  difficulties  still  remain, 
chiefly  the  re'moval  of  the  trichloroacetic  acid  after  precipitation 
of  protein.  As  suggested  by  Bock,  if  the  trichloroacetic  acid  is 
not  entirely  removed  it  enters  into  some  combination  with  the 
amino-acids  which  prevents  their  quantitative  reaction  in  the 
Van  Slyke  method.  Vacuum  evaporation  does  not  suffice  for 
this  purpose  and  Bock's  procedure  of  direct  evaporation  until  the 
color  change  of  the  alizarin  indicator  is  not  convenient,  for,  as  the 
solution  reaches  dryness,  frothing  and  bumping  often  occur; 
further,  the  operation  requires  from  30  to  50  minutes.  After 
making  alkaline  to  remove  ammonia  and  acidifying  again,  it  is 
difficult  to  get  clear  solutions.  To  avoid  this  difficulty,  I  sought 
to  obtain  a  method  in  which  it  is  not  necessary  to  remove  the 
protein  precipitant  or  in  which  it  could  be  removed  without  much 
difficulty.  Kaolin  in  large  quantities  was  found  appropriate  for 
this  purpose.  The  prehminary  procedure  was  carried  out  ac- 
cording to  Bock.  The  details  of  the  whole  procedure  ate  as 
follows. 

A  measured  volume  of  blood  (30  to  50  cc.)  is  treated  with  0.4 
gm.  of  ground  soy  bean  dissolved  in  2  to  3  cc.  of  water  and  1  cc. 
of  a  3  per  cent  solution  of  NaH2P04,  and  allowed  to  stand  at  room 
temperature  for  30  minutes.  The  urea  contained  in  the  blood  is 
converted  into  anunonia  which  is  removed  afterwards.  One 
volume  of  this  blood  is  slowly  added  to  five  volumes  of  boiling 
0.01  N  acetic  acid  in  a  casserole  and  boiled  with  stirring  for  half 
a  minute.  The  same  amount  of  boiling  water  is  then  added  and 
the  mixture  is  boiled  with  stirring  for  a  moment,  giving  a  clear  and 
easily  filterable  precipitate.  This  is  filtered  hot  through  a  folded 
filter  and  the  casserole  washed  three  times  with  30  to  50  cc.  por- 
tions of  boiling  water.  The  filtrate  is  rapidly  concentrated  over 
a  free  flame  in  a  casserole.  The  residue  is  transferred  quantita- 
tively to  a  graduated  cylinder  or  flask,  making  the  volume  nearly 
that  of  the  original  volume  of  the  blood.    After  adding  0.1  N 
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acetic  acid,  the  solution  is  made  exactly  one  and  a  half  times  the 
volume  of  the  blood  taken.  This  is  then  shaken  with  kaolin  (20 
gm.  per  100  cc.)  and  immediately  filtered  through  a  folded  filter. 
The  first  small  portion  of  the  filtrate  is  usually  cloudy  and  should 
be  refiltered  with  the  same  filter.  When  in  a  great  hurry,  it  is . 
reconamended  to  centrifuge  before  filtration,  but  in  this  case  it 
is  necessary  to  repeat  the  procedure  again  to  get  clear  solutions. 
The  filtrate  is  thus  quite  clear,  giving  no  turbidity  or  precipita- 
tion with  trichloroacetic  acid  or  with  picric  acid  even  after  stand- 
ing for  24  hours,  and  no  biuret  reaction,  even  after  concentrating 
as  far  as  possible.  An  aliquot  part  (30  to  60  cc.)  of  the  filtrate 
is  made  distinctly  alkaline  with  1.0  n  potassium  hydroxide  (1  to 
2  cc),  the  ammonia  removed  by  boiling  2  minutes,  the  solution 
made  distinctly  acid  with  acetic  acid,  and  concentrated  to  the 
smallest  possible  volume;  it  is  then  transferred  to  a  small,  ac- 
curately graduated  test-tube  and  made  to  definite  volume  (5  to 
10  cc).  The  heat-kaolin  method  gives  filtrates  which  rarely 
exhibit  any  tendency  to  froth,  when  shaken  in  the  deaminizing 
bulb.  Should  frothing  occur,  treat  again  with  a  small  portion  of 
kaolin  and  measure  the  filtrate  directly.  Caprylic  alcohol,  as 
recommended  for  other  methods,  is  entirely  superfluous  by  this 
method. 

With  regard  to  the  efficacy  of  the  method  in  the  recovery  of 
added  amino-acids,  I  first  determined  whether  kaolin  would  absorb 
amino-acids.  The  following  results  indicate  that  kaolin  even  in 
a  large  amount  does  not  absorb  amino-acids  at  all  (Table  I). 

To  ascertain  whether  the  thorough  manipulation  described 
involves  losses  of  amino-acids,  the  following  experiments  were 
performed. 

10  cc  of  leucine  solution,  containing  5.42  mg.  of  amino  nitro- 
gen were  added  to  33  cc  of  rabbit  blood,  which  contained  3.81 
mg.  of  amino  nitrogen.  The  total  amino  nitrogen  found  was  9.07 
mg.,  or  a  recovery  of  5.26  mg.  of  amino  nitrogen  from  the  leucine. 
Similarly,  of  13.70  mg.  of  amino  nitrogen  in  10  cc.  of  alanine  solu- 
tion, after  addition  to  30  cc  of  blood,  13.42  mg.  were  recovered, 
and  from  40  cc.  of  blood,  13.30  mg.  were  recovered.  10.18  mg. 
of  amino  nitrogen  were  recovered  when  10.35  mg.  in  10  cc.  solu- 
tion of  amino-acids  from  casein  were  added  to  30  cc.  of  blood. 

Folin  and  Denis  state  that,  '*A11  reagents  involving  heating 
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TABLE  !.• 
Recovery  of  the  Nitrogen  of  Amino-Acide.     Amino-Acid  Nitrogen  per  lit 


Cc. 

of  Solution, 

Material. 

Amount  of  kaolin 
added. 

Amino-add 
nitroceD. 

Tyrosine 

gm, 

0 
1,2,  3,  or  4 

0 

2,  3,  or  4 

0 

2  or  4 

1.67 

« 

1.67 

Alanine 

13.70 

« 

13.70 

Amino-acids  from  caaein 

10.35 

it               «          « 

10.35 

*  For  the  pure  amino-acids  I  am  indebted  to  Professor  M.  Kumagawa 
and  his  stafif.  Amino-acids  from  casein  were  obtained  by  hydrolyxing 
pure  casein  by  boiling  with  25  per  cent  hydrochloric  acid  for  30  hours. 
The  liquid  was  neutralised  with  sodium  hydroxide  and  filtered.  The 
filtrate  was  treated  with  animal  charcoal  and  filtered.  After  the  solu- 
tion was  found  entirely  free  from  protein,  it  was  diluted  to  a  convenient 
concentration  of  amino-acid  nitrogen  and  treated  by  the  Van  Slyke  method. 
As  anmionia  is  found  in  the  hydrolysis  of  casein,  it  was  removed  before 
the  determination  of  the  amino-acid  nitrogen. 

are  useless,  because  by  heat  (half  an  hour  in  a  water  bath)  the 
nitrogen  of  normal  blood  filtrates  may  be  increased  to  twice  the 
real  value/'  No  figures  are  offered  confirming  this  statement. 
Bock  attempted  a  comparison  between  the  direct  trichloroacetic 
acid  precipitation  and  the  heat  coagulation  followed  by  the  tri- 
chloroacetic acid  precipitation,  and  has  shown  that  the  latter 
procedure  gives  even  slightly  lower  results  than  the  former.  As 
kaolin  could  not  be  used  directly  for  the  blood  protein  precipitant, 
a  comparison  between  the  direct  kaolin  precipitation  and  the 
heat  coagulation  followed  by  kaolin  precipitation  on  blood  plasma 
was  carried  out.  Direct  kaolin  precipitation  was  carried  out  as 
follows:  The  blood  plasma,  diluted  ten  to  twelve  times  with  dis- 
tilled water,  was  acidified  with  2  to  4  cc.  of  glacial  acetic  acid, 
40  gm.  of  kaolin  per  100  cc.  of  diluted  solution  were  added,  then 
the  mixture  was  filtered  with  suction.  After  the  filtrate  was 
found  entirely  free  from  protein,  an  aliquot  was  taken  and  evap- 
orated to  a  small  volume.  For  the  determination  of  amino-acids, 
urea  and  ammonia  were  removed  by  usual  procedure.  Tables 
II  and  III  show  no  substantial  difference  between  the  procedures. 
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TABLE  II. 

Non-Protein  Nitrogen  per  100  Ce.  of  Blood  Plasma  (Determined  by  Kjeldahl.) 


Materinl. 

precipitation. 

Heat  ooaculation 

followed  by  kaolin 

precipitation. 

Beef  plasma  (oxalated) 

mg, 
10.08 

9.67 
18.22 
18.07 

mg, 
10.51 

«         «             « 

9.11 

«         «             « 

18.56 

«            u                 u 

18.22- 

TABLE  ni. 

AminO'Add  Nitrogen  per  100  Cc,  of  Blood  Plasma, 


Material. 

'    Kaolin 
precipitation. 

Heat  ooaculation 

foUowed  by  kaolin 

precipitation. 

Beef  plasma  (oxalatedj 

mg, 

6.42 

5.54 

3.80 

5.26 

4.97 

mg. 

6.36 

«         It             « 

5.64 

i€                   it                           il 

3.97 

i<                   «                            it 

5.24 

tt                   it                           it 

5.06 

A  comparison  of  the  heat  coagulation  followed  by  trichloro- 
acetic acid^  and  the  heat  coagulation  followed  by  kaolin  precipi- 
tation shows  that  there  is  no  appreciable  difference  between  these 
two  methods  (Table  IV). 

TABLE  IV. 

Comparison  between  the  Heat-Trickloroacetic  Add  Method  and  the  Heat- 

Kaolin  Precipitation.    Non-Protein  Nitrogen  per  100  Cc.  of  Blood 

{Determined  by  Kjeldahl), 


Material. 

Heat-triohloroaoetic 
acid. 

Heat-kaolin. 

Beef  blood  ^oxalRtfid^ 

mg, 
14.29 

23.78 
23.88 
18.21 
25.50 
26.90 

mg. 
14.29 

Dog     " 
tt       tt 

it 

23.54 

tt 

24.18 

tt       tt 

tt 

18.21 

tt       tt 

tt 

25.50 

tt       tt 

tt 

26.45 
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TABLE  V. 

Comparison  between  the  Heat'Trichloroacetic  Acid  and  the  Heat-Kaolin 
Precipitation.    AtninO'Acid  Nitrogen  per  100  Cc,  of  Blood. 


Material. 

Heat-trichloroacetic 
acid. 

Heat-kaolin. 

Rabbit  blood  (oxalated) 

mg. 
10.49 

11.68 

6.70 

11.57 

10.70 

7.42 

mg. 
9.82 

U                  it                       u 

11.68 

Sheep      "             "           

6.70 

Rabbit    "             "          

11.57 

u              u                  a 

10.87 

Beef        "             "          

7.42 

Alcohol  precipitation  has  shown  more  or  less  lower  values  as 
was  expected  from  the  results  of  previous  investigations. 


TABLE  VL 
Comparison  between  the  Heat'Kaolin  and  Methyl  Alcohol  Method. 
Add  Nitrogen  per  100  Cc.  oj  Blood. 


Amino- 


Material. 

Heat-kaoliD. 

Methyl  alcohol 

Rabbit  blood  (oxalated) 

mg. 

9.72 

10.55 

10.67 

9.17 

9.81 

mg. 
5.89 

U                   U                         it 

8.68 

it             «                it 

9.53 

*(            It                It 

8.99 

tt             it  •              it 

8.49 

TABLE  VII. 

Comparison  between  the  Heat-Kaolin  and  Ethyl  Alcohol  Method. 
Acid  Nitrogen  per  100  Cc.  of  Blood. 


Amino- 


Material.  ^ 

Heat-kaolin. 

95  per  cent  alcohol. 

Dog       blood  (^oxalated ) 

mg. 
8.06 
7.97 
7.06 
11.33 
6.57 
9.89 

mg. 

5.05 

Rabbit    " 

it 

5.78 

it          it 

it 

5.57 

tt          tt 

it 

7.27 

Dog 

it 

3.84 

it                   ti 

a 

5.17 
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SUMMARY. 


The  use  of  methyl  or  ethyl  alcohol  as  a  precipitant  for  proteins 
in  the  determination  of  non-protein  nitrogen  or  amino-acid  ni- 
trogen in  blood  is  undesirable. 

The  methods  of  Greenwald  and  of  Bock  have  been  found  serv-  \ 

iceable  for  amino-acid  nitrogen  determination,  but  the  procedures  \ 

are  somewhat  troublesome.  j 

A  method  is  proposed  (the  heat-kaolin  method)  which  has  been  / 

found  accurate,  less  troublesome,  saving  in  time,  and  economical.  ! 

In  conclusion  I  wish  to  acknowledge  my  indebtedness  to  Pro- 
fessor T.  Aoyama  for  his  generosity  in  allowing  me  to  carry  out 
this  work  in  his  laboratory  and  for  his  encouragement. 
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RESPIRATORY  REGULATION  OF  THE  CO,  CAPACITY 
OF  THE  BLOOD. 

I.    HIGH  LEVELS  OF  CO3  AND  ALKALL 

Bt  YANDELL  HENDERSON  and  H.  W.  HAGGARD. 
{From  the  Phybiological  Labor  alary,  Yale  Medical  School,  New  Haven,) 

(Received  for  publication,  December  31,  1917.) 

The  balance  between  acids  and  alkalies  has  come  to  be  recog- 
nized as  one  of  the  most  important  of  the  equilibria  of  the  living 
body.  It  is  so  important  in  fact  that  it  appears  never  to  be 
considerably  altered  except  when  the  organism  is  practically 
moribund. 

The  two  modes  of  estimating  the  degree  of  equilibrium  which, 
at  the  present  time,  appear  to  be  most  interesting  are  by  meas- 
urement of  the  CO2  content  of  the  alveolar  air  and  of  the  CO2 
capacity  or  ''alkaline  reserve"  of  the  blood  (Van  Slyke),  The 
view  now  prevailing  is  that  in  "acidosis"  the  accumulation  of 
non-volatile  acids  in  the  body  neutralize^  the  alkaUes  and  causes 
a  reduction  in  both  measurements. 

In  the  facts  and  conclusions  which  follow  we  do  not  question 
the  essential  correctness  of  this  general  conception  in  conditions 
of  true  acidosis.*  We  do  however  attempt  to  show  that  many 
conditions  simulating  acidosis  are  really  due  to  disturbance  of 
another  factor  which  exerts  a  powerful  influence  upon  the  CO2 
capacity  of  the  blood,  and  which  may  lead  to  an  equilibrium  at  a 
new  level.  This  factor  is  respiration.  Abnormal  breathing  may 
even  produce  a  disturbance  such  that  equilibrium  cannot  be 
spontaneously  restored.    It  may  thus  produce  death. 

Recent  papers  by  Scott,^  Peters,^  and  others  have  recognized 
certain  aspects  of  this  factor.  General  recognition  of  its  power 
will  profoundly  modify  the  present  crassly  mechanistic  theoreti- 

>  Scott,  R.  W.,  Am,  J,  Physiol,  1917,  xliv,  196. 

«  Peters,  J.  P.,  Jr.,  Am.  J.  Physiol.,  1917,  xliii,  113;  xliv,  84. 
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cal  conceptions  in  this  field,  and  will,  we  believe,  find  wide  reach- 
ing practical  applications. 

In  brief,  the  experiments  to  be  described  in  this  series  of  papers 
seem  to  indicate  that  when  in  an  otherwise  normal  organism 
respiration  is  stimulated  to  excessive  vigor  by  pain,  by  a  drug, 
e.g.  J  ether  (or  probably  by  any  condition  which  lowers  the  thresh- 
old and  increases  the  sensitivity  of  the  respiratory  center),  the 
blowing  off  of  carbon  dioxide  produces  a  reduction  in  the  COt 
content  of  the  blood.  This  condition  very  soon  leads  to  (and  in 
respect  to  Ch  is  probably  in  part  compensated  by)  a  reduction 
also  in  the  CO2  capacity  (alkaUne  reserve)  of  the  blood.  Appar- 
ently alkali  passes  out  of  the  blood  into  the  tissues.  Thus  the 
acid-base  equilibrium  or  COj:  alkali  balance  of  the  blood  is  re- 
stored at  a  level  much  below  normal,  and  a  condition  simulating, 
but  in  certain  respects  markedly  distinct  from  true  acidosis  re- 
sults. In  fact,  until  thus  compensated,  the  condition  is  a  sort  of 
low  CO2  alkalosis.  It  may  be  conveniently  designated  acapnia,' 
although  the  term  thus  applied  has  a  significance  much  broader 
than  heretofore.  It  indicates  a  blood  low  not  only  in  CO2  (HiCOj), 
but  also  in  sodium  bicarbonate.  Unlike  a  true  acidosis  the  total 
alkali  in  the  body  remains,  so  far  as  we  can  judgej  unaltered;  it 
is  merely  abnormally  distributed. 

*  On  the  other  hand  when  the  respiratory  center  is  depressed 
e.g.,  by  morphine,  or  when  by  the  administration  of  high  concen- 
trations of  COj  in  the  air  breathed,  the  alveolar  CO2  is  raised, 
the  CO2  content  of  the  blood  is  also  raised.  This  causes  (and  in 
respect  to  the  Ch  of  the  blood  is  probably  coippensated  by)  an 
increase  in  the  CO2  capacity  or  "alkaUne  reserve''  of  the  blood,  due 
apparently  to  the  passage  of  alkali  from  the  tissues  into  the 
blood.  Thus  a  pseudoalkalosis  or,  if  one  thinks  only  in  terms  of 
Ce,  a  CO2  acidosis,  is  produced.  It  may  conveniently  be  termed 
hypercapnia:  both  the  CO2  and  the  sodium  bicarbonate  in  the 
blood  are  above  normal.  Probably  the  total  alkali  in  the  body  is 
unaltered.     It  is  merely  redistributed. 

Either  of  these  conditions,  when  once  induced,  shows  a  distinct 
tendency  to  be  maintained.    Any  rapid  variation  from  the  new 

•Henderson,  Y.,  Am.  J.  Physiol,  1908,  xxi,  126;  1908-09.  xxiii,  345; 
1909,  xxiv,  66;  1909-10,  xxv,  310,  385.  Henderson,  Y.,  and  Scarbrough, 
M.  McR.,  ibid.,  1910,  xxvi,  260.    Henderson,  ibid.,  1910-11,  xxvii,  152. 
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level  of  CO2  and  alkali  back  toward  the  normal  level  is  resisted 
by  the  action  of  the  respiratory  center  or  allowed  to  develop 
only  gradually. 

In  this  paper  we  shall  give  the  experiments  in  which  a  high 
level  of  CO2  and  alkali,  or  hypercapnia,  was  induced.  In  suc- 
ceeding papers  experiments  producing  low  levels  of  CO2,  or 
acapnia,  will  be  presented. 

Theoretical. 

Attention  at  present  is  fixed  so  exclusively  upon  Ch  that  we 
must  specifically  point  out  that  actually  this  "physiological  con- 
stant'' only  varies  imperceptibly.  Even  these  slight  variations 
induce  powerful  counteracting  eflforts.  Through  these  efforts 
nearly  normal  equilibrium  in  respect  to  Ch  is  attained  at  highly 
abnormal  levels  of  COj :  alkaU.  Thus,  as  we  see  it,  interest  should 
now  shift,  at  least  for  the  physiologist,  from  Ch  and  the  physico- 
chemical  equilibrium  to  these  levels  of  C02:alkali  and  the  physio- 
logical equilibrium. 

The  physicochemical  equilibrium   (L.  J.   Henderson)   is  ap- 

+ 
proximately  the  balance  of  CO2  against  NaHCOj  to  maintain  H, 
that  is,  Ch,  in  the  expression: 


Pulmonary 

Blood. 

air. 

+ 

CO2     ;=± 

DissolvedCOj  ^  HjCO,  ^  H  +  HCOj 

u 

+ 

NaHC08;=±Na  +  HC0, 

On  the  other  hand  the  physiological  equilibrium  and  the  i*e- 
spiratory  activity  by  which  any  great  and  sudden  changes  in  Ch 
are  prevented  may  be  expressed,  for  example,  at  three  levels  of. 
CO3  and  alkali  as  shown  in  the  following  table. 

The  numerator  (H2CO3)  is  always  proportional  to  the  alveolar 
COj  because  the  amount  of  CO2  dissolved  (not  combined  with 
alkaU)  is  determined  by  the  tension  of  CO2  in  the  alveolar  air 
(law  of  Henry).  The  alveolar  CO2  is  of  course  always  inversely 
proportional  to  the  pulmonary  ventilation  per  unit  mass  of  COa 
eliminated. 
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Blood  Plasma. 

Ch 

Respiration. 

COs  in  form  of 

CO, 

in  alveolar 

air. 

Pulmonary  ven- 
tilation in  cc. 
of  air  per  5.5 
CO.  COs  elimi- 
nated. 

ConditioQ. 

HiCO«+NaHCX)» 

HfCOf 

NaHCOi 

vol.  percent 

63 
42 

84 

vol.  per 
cent 

3:60 
2:40 
4:80 

Normal. 

per  cent 

5.4 
3.6 
7.2 

ce. 

100 

150 

75 

Normal  level  of 
COt:  alkali. 

Low  level  of  CO,: 
alkali. 

High  level  of 
CO,:  alkali. 

The  expression  "level  of  CO2  and  alkali"  does  not  mean  the  pro- 
portion of  CO2  to  alkali  but  thie  quantity  of  both;  that  is,  their  sum. 
Thus  when  in  the  plasma  the  proportion  of  HjCOatNaHCOj  is 
3:60  the  level  of  the  equilibrium  (CJ  is  normal  or  nearly  normal 
at  63.  When  it  is  2:40  the  equilibrium  is  at  the  low  level  of  42, 
while  4:80  is  at  the  high  level  of  84.  In  all  these  eases  the  pro- 
portion of  HaCOsrNaHCOs  is  equal  to  1 :20  and  the  Ch  may  (theo- 
reticaUy)  be  the  same;  that  is,  normal  (Van  Slyke  and  Cullen*). 
The  breathing  to  maintain  this  equilibrium  must,  for  a  definite 
CO2  elimination,  be  50  per  cent  greater  than  normal  at  the  low 
level  and  25  per  cent  less  than  normal  at  the  high  level.  When- 
ever the  proportion  is  forced  away  from  1 :20  (or  its  equivalents 
in  respect  to  Ch  3:60,  4:80,  2:40)  the  system  seeks  by  physiologi- 
cal means  to  reattain  equilibrium,  in  as  nearly  the  normal  Cg  as 
possible,  at  a  new  level.  If  the  proportion  is  more  than  1 :20  the 
Ch  is  above  normal  and  if  less  than  1:20  it  is  below  normal  (cf. 
Peters). 2 

These  figures  apply  to  plasma,  in  which,  at  least  for  theoretical 
discussion,  the  conditions  are  comparatively  simple.  'For  whole 
blood  these  figures  should  be  somewhat  smaller  (about  five- 
sixths).  For  the  purposes  of  our  experiments  analyses  of  plasma 
would  however  be  much  less  significant  than  whole  blood. 

In  the  production  and  maintenance  of  the  low  level  as  it  exists 
probably  in  acidosis  of  renal  or  metabolic  origin  the  alkali  of  the 


*  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  /.  Biol.  Chzm,,  1917, 
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blood  by  influencing  the  respiratory  center  controls  the  COj 
(H2CO3).  On  the  other  hand  in  the  low  and  high  levels  produced 
by  disturbances  of  breathing  the  respiratory  center  by  controll- 
ing the  CO2  exerts  a  powerful  influence  upon  the  alkali  (NaHCOs). 
If  objection  be  taken  to  our  saying  that  Ch  may  be  ''normal" 
at  various  levels  of  CO2,  we  would  point  out  that  people  living 
5,000  or  10,000,  or  even  15,000  feet  above  sea  level,  or  again 
below  sea  level,  have  as  much  right  to  consider  themselves  nor- 
mal as  have  we  who  live  by  the  sea.  But  their  levels  of  CO2  are 
widely  different  from  ours.' 

Method, 

All  experiments  were  performed  on  healthy  dogs.  The  femoral 
artery  was  exposed  imder  local  anesthesia  (cocaine  0.5  cc.  of  2 
p>er  cent  solution)  and  a  cannula  inserted.  Samples  of  blood,  3 
to  6  cc.  each,  were  withdrawn  at  regular  intervals  with  proper 
precautions  to  avoid  getting  stagnant  blood.  Clotting  was  pre- 
vented by  a  small  amount  of  powdered  potassium  oxalate.  1  cc. 
of  the  whole  blood  was  analyzed  to  determine  its  CO2  content. 
The  remainder  of  the  sample  was  then  brought  into  equilibrium 
at  20**C.  with  air  containing  5.4  to  5.7  per  cent  COj  (determined 
by  analysis).  1  cc.  of  this  whole  blood  was  then  analyzed.  This 
gave  the  COj  capacity.  The  methods  were  those  described  by 
Henderson  and  Morriss.®  The  figures  for  CO2  capacity  are  pro- 
portional and  closely  approximating  but  not  absolutely  identical 
with  those  which  would  be  computed  by  the  Van  Slyke  method. 
We  prefer  the  expression  ''CO2  capacity,"  to  the  still  rather  hypo- 
thetical expression  ** alkaline  reserve."  The  capacity  of  the  pro- 
teins to  combine  with  CO2  may  be  considerable  (Buckmaster^). 
By  CO2  capacity  we  mean  the  total  amount  of  CO2  (reduced  to 
0*^  and  760  mm.)  in  the  blood  whether  in  solution  or  combined 
with  alkali  or  protein  at  the  tension  of  the  CO2  in  the  air  with 
which  the  sample  of  blood  is  brought  into  equiUbrium. 

The  alveolar  air  was  determined  with  a  mask  and  bag  by  the 
Higgins-Plesch  method. 

•Fitzgerald,  M.  P.,  Phil.  Tr,  Roy.  Soc.,  Series  B,  1913,  cciii,  351;  Proc. 
Roy.  Soc.,  Series  B,  1914-15,  Ixxxviii,  248. 

•  Henderson  and  Morriss,  /.  Biol.  Chem.,  1917,  xxxi,  217. 
^  Buckmaster,  G.  A.,  /.  Physiol.,  1917,  li,  164. 
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The  reliability  of  all  our  work  depends  upon  the  accuracy  with 
which  the  blood  was  ''saturated"  or  (better)  "equiUbrated"  with 
air  containing  5.5  per  cent  CO2.  The  method  of  equiUbration 
and  analysis  was  therefore  subjected  to  the  following  tests. 

A  supply  of  arterial  blood  was  drawn.  Analysis  was  made  for 
(a)  the  CO2  content.  A  sample  was  then  equiUbrated  with  sir 
containing  5.5  per  cent  CO2  and  analyzed  (6).  A  second  portion 
of  the  blood  was  then  equilibrated  with  air  containing  10  per  cent 
CO2.  Part  was  analyzed  (c),  and  the  rest  was  then  equilibrated 
with  5.5  per  cent  CO2  and  analyzed  (d),  A  third  sample  was 
equilibrated  with  atmospheric  air.  A  part  of  this  was  then  ana- 
lyzed (e),  and  the  remainder  was  equilibrated  with  5.5  per  cent 
CO2  and  analyzed  (/).  In  all  cases  the  equilibration  was  carried 
out  by  the  method  used  in  routine  determinations  of  the  CO? 
capacity.  The  equilibrating  air  was  passed  through  a  tube  into 
a  test-tube  containing  2  or  3  cc.  of  blood  under  albolene  until 
the  liquid  was  violently  agitated  for  30  seconds  and  for  the  most 
part  in  foam.  The  test-tube  was  then  stoppered  and  set  aside 
until  the  blood  and  oil  separated. 

The  foregoing  series  of  equilibrations  and  analyses  was  re- 
peated with  blood  drawn  from  the  same  dog  several  hours  later. 
The  equilibrations  lasted  2  minutes  each.  The  results  obtained 
were  as  follows: 


First     series. 
Second    "      . 


a 

b 

c 

d 

e 

J 

47 

50 

60 

51 

37 

50 

47 

47 

58 

47 

37 

49 

Under  the  extreme  conditions  the  concordances  50,  51,  50  in 
one  series  and  47,  47,  49  in  the  other  (6,  d,  and/)  are  satisfactory. 

Object  of  the  Experiments. 

Our  aim  was  to  determine  the  effect  upon  the  CO2  capacity 
of  the  blood  induced  by  increasing  the  CO2  tension  of  the  pul- 
monary air.  This  was  effected  by  depressing  respiration  by 
means  of  morphine  or  by  administering  CO2  in  proper  dilution  in 
the  air  breathed.  For  the  latter  purpase  a  Douglas  bag  of  50 
liters  capacity  was  filled  with  air  to  which  5  or  6  per  cent  of  CO2 
was  added.     The   animal   rebreathed   this  mixture  through   a 
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closely  fitting  mask  and  as  the  CO2  increased  oxygen  was  added 
in  equal  amount. 

EXPERIMENTAL. 

Two  control  experiments  were  performed.  They  demonstrate 
that  under  the  conditions  all  the  functions  remain  nearly  con- 
stant. Even  in  the  slight  variations  observed  the  CO2  content 
of  the  blood  shows  a  tendency  to  follow  the  alveolar  COi  within 
5  minutes.  With  a  distinct  lag  of  15  to  30  minutes  the  COs 
capacity  follows  the  COj  content. 

Expertment  i.— Control.  Dog,  male,  12  kilos.  No  drug.  Animal  quiet 
and  comfortable,  and  breathing  normally  throughout.  Air  used  for  equi- 
librating blood  contained  5.4  per  cent  COs. 


Blood  COs. 

Time. 

CondiUons. 

Alveolar  COs. 

Rectal 

Content. 

Ckpaoity. 

temperature. 

p.m. 

perceni 

vol,  percent 

wii.  percent 

•c. 

4.15 

Normal. 

5.4 

46 

47 

39.8 

4.45 

it 

5.5 

48 

47 

39.8 

5.15 

u 

5.2 

44 

45 

39.8 

5.45 

u 

5.4 

50 

47 

39.7 

6.15 

u 

5.2 

50 

50 

39.8 

6.45 

u 

5.3 

48 

46 

39.8 

7.15 

u 

5.4 

49 

50 

39.6 

Experiment  f. — Control.    Dog,  male,  9  kilos.    Conditions  as  in  Ex- 
periment 1.    Equilibrating  air  5.5  per  cent  CO2. 


Blood  COt. 

Time. 

Condition. 

Alveolar  COt. 

.  Rectal 

Content. 

Capacity. 

temperature. 

per  cent 

vol.  percent 

vol.  percent 

•c. 

10.15  a.m. 

Normal. 

5.3 

47 

49 

39.7 

10.45    " 

« 

5.2 

47 

48 

39.7 

11.15    " 

a 

5.4 

50 

48 

11.45    " 

5.1 

48 

48 

39.7 

12.15    " 

5.5 

51 

50 

12.45    " 

5.5 

51 

49 

39.8 

1.45  p.m. 

5.4 

51 

52 

2.15    " 

5.4 

50 

50 

39.7 
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In  the  next  four  experiments,  after  a  preliminary  normal 
period  in  each  case,  morphine  was  administered  subcutaneously. 
The  extent  of  the  depression  of  respiration  may  be  judged  by  the 
rise  in  the  alveolar  CO2  from  the  normal  of  about  5.3  up  to 
amounts  ranging  from  6.1  to  6.9.  In  one  case  (Experiment  6) 
this  rise  was  comparatively  shght  at  first  (owing  to  the  animal 
being  of  an  excitable  character  and  breathing  correspondingly) 
and  in  the  colunms  showing  the  CO2  content  and  COj  capacity 
the  effects  are  correspondingly  shght.  Later  in  this  experiment 
and  in  all  of  the  experiments  in  which  the  alveolar  CO2  attained  a 
high  level,  the  CO2  content  of  the  blood  invariably  followed  it, 
and  the  CO2  capacity  followed  the  COt  content  with  a  lag  of  20 
to  30  minutes.  Thus  the  COj  content  rose  from  about  50  up  to 
values  ranging  from  63  to  67,  and  the  CO2  capacity  from  about 
60  up  to  values  of  69  to  64. 

Experiment  S. — ^Dog,  male,  14  kilos.  Morphine  administration,  de- 
pressed respiration,  followed  by  rise  of  COa  content  and  COa  capacity. 
Equilibrating  air  5.7  per  cent  COa. 


Blood  COt. 

Rectal 

Time. 

Condition. 

Alveolar 

tempera- 
tuie. 

COi. 

Content. 

Capacity. 

percent 

9ol.  per  cent 

vol.  per  otnt 

'  -c. 

9.30  a.m. 

Normal. 

5.3 

52 

52 

39.9 

10.00    " 

t€ 

52 

53 

10.05    " 

Morphine,  0.14  gm. 

10.15    " 

Vomiting  and  panting. 

10.40    " 

Quiet. 

6.6 

57 

48 

11.20    " 

60 

53 

37.8 

12.00    " 

Quiet. 

6.6 

62 

54 

12.30    " 

62 

56 

1.30  p.m. 

6.9 

67 

59 

2.10    " 

63 

60 

36.6 

2.40    " 

58 

59 

3.30    " 

6.8 

64 

62 

6.00    " 

Struggling. 

4.8 

49 

56 

37.0 
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Experiment  4- — I^og,  male,  9  kilos.    Morphine  administration.    Con- 
ditions as  in  Experiment  3.    Equilibrating  air  5.7  per  cent  COs. 


Time. 

Condition. 

Alveolar 
COa. 

Blood  COj. 

Restal 

tompera- 

ture. 

Content. 

Capacity. 

pereeM 

9ol.  per  ctnt 

vol.  per  cent 

•c. 

11.30  a.m. 

Normal. 

5.4 

49 

50 

39.7 

11.35    " 

Morphine,  0.16  gm. 

12.15    " 

5.9 

57 

54 

12.40    " 

6.0 

60 

56 

38.8 

1.20  p.m. 

6.3 

62 

59 

2.00    " 

6.7 

64 

59 

2.40    " 

6.6 

63 

60 

38.6 

Experiment  6. — Dog,  male,  12  kilos.    Morphine  administration.    Con- 
ditions as  in  Experiment  3.    Equilibrating  air  5.5  per  cent  COa. 


Time. 

Condition. 

Alveolar 
COi. 

Blood  COt. 

Rectal 
tempera- 

Content. 

Capacity. 

tuie. 

percent 

vci.  per  cent 

vol.  per  cent 

•r. 

10.15  a.m. 

Normal. 

5.3 

50 

51 

39.6 

10.20    " 

Morphine,  0.24  gm. 

10.50    " 

6.0 

56 

54 

11.35    " 

6.6 

64 

58 

38.4 

12.30    " 

63 

60 

1.30  p.m. 

6.7 

65 

59 

3.00    " 

Very  quiet. 

70 

64 

Experiment  6. — Dog,  male,  10  kilos.    Morphine  administration.    Con- 
ditions as  in  Experiment  3.    Equilibrating  air  5.4  per  cent  CO^. 


Time. 

Condition. 

Alveolar 
COi. 

Blood 

CO-. 

Rectal 
tempera- 

Content. 

Capacity. 

ture. 

per  cent 

vol.  per  cent 

ool.  per  cent 

•c. 

10.00  a.m. 

Normal. 

5.4 

49 

49 

39.8 

10.30    " 

Morphine,  0.16  gm. 

11.15    " 

54 

48 

12.00    " 

5.8 

56 

52 

39.0 

1.15  p.m. 

60 

56 

2.00    " 

6.1 

63 

58 

3.00    " 

64 

58 

4.00    " 

62 

59 

388 
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In  Experiment  7  morphine  was  administered  and  the  animal 
was  then  made  to  rebreathe  (by  means  of  a  mask  and  Douglas 
bag)  air  of  a  CO2  content  at  first  practically  the  same  as  the 
normal  alveolar  air  and  rising  gradually  to  8.2  per  cent.  The 
COi  content  of  the  blood  rose  in  1  hour  and  10  minutes  to  76 
and  the  CO2  capacity  to  67. 

Experiment  7. — Dog,  male,  8  kilos.  Morphine  and  COs  administration. 
Procedure  same  as  Experiments  3  to  6  except  that  dog  rebreathed  into  a 
large  bag,  which  in  the  beginning  contained  5  per  cent  CDs.  Equilibrating 
air  5.5  per  cent  Cd. 


Blood  CXh. 

Roctal 

Time. 

Condition. 

Bu^ofair 

tempAia- 

Content. 

Capacity. 

ttire. 

p.m. 

p€r  cent 

»o<.  per  cent 

vol.  per  cent 

•c. 

3.a5 

Normal. 

48 

50 

39.9 

4.00 

Morphine,  0.12  gm. 

4.20 

Breathing  COs. 

5.1     • 

4.40 

«           it 

70 

56 

5.10 

t(                      €t 

69 

64 

40.0 

5.15 

U                     It 

8.2 

5.30 

«                     tt 

76 

67 

6.00 

it                      U 

74 

66 

Finally  three  experiments  were  performed  in  which  no  morphine 
was  administered,  but  the  rebreathing  from  the  bag  was  begun 
with  about  6  per  cent  of  CO2  and  continued  imtil  the  COt  had 
accumulated  up  to  10,  11,  and  20  per  cent  respectively.  (Ample 
oxj'^gen  was  suppUed.)  Of  course  the  breathing  was  stimulated 
to  violent  activity  at  percentages  between  6  and  10,  but  much 
less  above  10  per  cent.  The  effects  on  the  blood  were  of  exactly 
the  same  character  as  in  the  experiments  in  which  respiration 
was  depressed  and  the  alveolar  CO2  raised  by  means  of  morphine. 
The  CO2  content  was  forced  up  (to  74,  73,  and  87)  and  thelZJOj 
capacity  followed  it  upward  (to  64,  59,  and  74).  When  the  re- 
breathing  was  stopped  and  tl\e  animal  again  allowed  to  breathe 
normal  air,  the  CO2  content  led  the  COj  capacity  downward 
toward  normal  values  again,  but  the  descent  was  slow  and  gradual. 
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ExperimerU  8. — Dog,  male,  8  kilos.  COj  administration.  Procedure 
same  as  Experiment  7,  except  that  morphine  was  omitted.  Equilibrating 
air  5.5  per  cent  CO2. 


Condition. 

Basofair 

Blood  CX)t. 

Rectal 

Oontont. 

Capacity. 

temperattm* 

p.». 

per  cent 

9ol,  per  cent 

wol.  per  cent 

•c. 

4.15 

Normal. 

51 

50 

39.8 

4.30 

COs  started. 

6.0 

4.45 

54 

55 

5.15 

10.2 

68 

59 

39.9 

5.45 

11.4 

72 

64 

6.15 

74 

63 

6.20 

COs  stopped. 

6.45 

64 

67 

ExperimerU   9. — ^Dog,    female,    14   kilos.    COs   administration.    Pro- 
cedure similai  to  Experiment  8.    Equilibrating  air  5.4  per  cent  COs. 


Time. 

Condition. 

Bag  of  air 
COt. 

Blood  COt. 

Rectal 

Content. 

Capacity. 

temperature. 

p,m. 

per  cent 

^.percent 

^.percent 

•c. 

1.40 

Normal. 

48 

46 

39.8 

2.15 

CO,  started. 

6.0 

2.45 

8.2 

62 

54 

39.7 

3.15 

66 

56 

39.6 

3.45 

10.3 

73 

59 

4.15 

72 

61 

39.8 

4.20 

CO,  stopped. 

4.45 

54 

59 

5.15 

50 

54 

5.45 

47 

52 
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Experiment  10. — Dog,  male,  11  kilos.  Cd  administration.  Procedure 
same  as  Experiments  8  and  9,  but  the  Cd  in  bag  was  run  up  higher. 
Equilibrating  air  5.5  per  cent  COa. 


Time. 

Condition. 

^^■^ 

Blood  CO,. 

Rectal 

Cootant. 

CapMity. 

percent 

vol.  per  cent 

9ol.  per  cent 

•c. 

11.30  a.m. 

Normal. 

48 

50 

39.0 

11.45    " 

CO,  started. 

6.2 

12.15    " 

57 

54 

1.15  p.m. 

67 

60 

2.15    " 

10.3 

70 

62 

40.1 

2.45    " 

72 

66 

3.15    " 

14.0 

79 

65 

4.00    " 

87 

71 

4.45    " 

20.0 

86 

74 

42.0 

4.50    " 

COi  stopped.* 

*  After  drawing  a  few  breaths  of  fresh  air  the  dog  stopjf^  breathing. 
The  heart  continued  to  beat  for  several  minutes  and  then  stopped.    Died. 

Eicperiment  10  is  extraordinary.  The  COj  in  the  air  breathed 
reached  20  per  cent.  The  COj  content  of  the  blood  rose  to  86 
and  the  CO2  capacity  to  74.  When  the  animal  was  finally  allowed 
to  breathe  normal  air  again  its  respiration  ceased  after  a  few 
breaths  and  a  fatal  apnea  followed.  Apparently  the  alkali  con- 
tent of  the  blood  had  been  raised  so  high  that  when  the  abnor- 
mally high  pressure  of  CO2  was  withdrawn  the  respiratory  center 
lacked  an  adequate  stimulus. 

CONCLUSIONS. 

Whenever  by  means  of  morphine  respiration  is  depressed  and  the 
alveolar  COj  is  raised,  or  whenever  by  the  administration  of  COi 
in  the  air  breathed  the  COs*  content  of  the  blood  is  forced  up, 
the  CO2  capacity  (alkaline  reserve)  of  the  blood  also  rises.  This 
rise  is  probably  due  to  a  compensatory  passage  of  alkali  from  the 
tissues  into  the  blood.  Through  this  mechanism  respiration 
exerts  a  powerful  influence  upon  the  **  alkaline  reserve"  of  the 
blood. 
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RESPIRATORY  REGULATION  OF  THE  CO2  CAPACITY 
OF  THE  BLOOD. 

n.   LOW  LEVELS  OF  COs  AND  ALKALI  INDUCED  BT  ETHER.    THEIR 
PREVENTION  AND  REVERSAL. 

By  YANDELL  HENDERSON  and  H.  W.  HAGGARD. 

[From  the  Physiological  Laboratory,  Yale  Medical  School,  New  Haven.) 

(Received  for  publication,  December  31,  1917.) 

In  the  light  of  present  knowledge  it  appears  probable  that 
many,  perhaps  most,  of  the  functional  disturbances  induced  by- 
anesthesia  are  due  to  the  production  of  an  abnormal  COj  ca- 
pacity (alkaline  reserve)  in  the  blood,  or  to  deeper  effects  of 
which  the  CO2  capacity  is  an  index. 

At  present  such  effects  are  generally  interpreted  as  "acidosis." 
Our  observatiQ^s  show  that,  at  least  under  ether,  they  are  of  a 
very  different  origin. 

Morriss^  has  shown  that  in  patients  under  ether  a  lowering  of 
the  alkaline  reserve  of  the  plasma  occurs.  On  the  basis  of  some 
preliminary  experiments  on  dogs  Prince  and  the  authors^  have 
verified  Morriss'  observation  and  have  obtained  results  indi- 
cating that  the  effect  is  due  to  the  respiratory  excitement  in- 
duced by  ether.  An  abnormally  great  amount  of  CO2  is  venti- 
lated out  of  the  blood  by  the  excessive  breathing  and  the  CO2 
content  is  thus  lowered.  Sometimes  when  this  blowing  off  has 
been  very  rapid  the  result  is  failure  of  respiration:  apnea  vera. 
When  the  blowing  off  ia  less  rapid  but  is  prolonged  another 
change  occurs  which  (as  Prince  first  pointed  out  to  us)  is  of  a 
compensatory  character.  This  consists  (as  set  forth  in  general 
terms  in  the  first  paper  pf  this  series)  in  a  decrease  of  the  CO2- 
combining  power  (alkaline  reserve)  of  the  blood.  The  simplest 
supposition  upon  which  to  explain  it  is  that  whan  the  alkalinity 

»  Morriss,  W.  H.,  /.  Am.  Med.  Assn.,  1917,  Ixviii,  1391. 
*  Henderson,  Y.,  Prince,  A.  L.,  and  Haggard,  H.  W.,  /.  Am.  Med.  Aaan,, 
1917.  Ixix,  965. 
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of  the  blood  is  abnormally  increased  by  the  blowing  oflf  of  COt, 
alkali  passes  out  of  the  blood  into  the  tissues.  As  a  result  of  these 
two  processes  both  the  CO2  and  the  alkali  in  the  blood  are  de- 
creasedy  and  the  proportion  of  HjCOjiNaHCOi  and  conse- 
quently the  Ch  of  the  bjood  are  much  less  decreased  than  would 
be  the  case  if  only  the  COj  were  altered. 

If  the  ''level  of  COt  and  alkali"  (as  defined  in  the  previous 
paper)  is  reduced  below  the  critical  value  l3dng  between  33  and 
36  volumes  per  cent  of  COi,  a  condition  of  general  depres- 
sion of  all  vital  functions  results.  Above  the  critical  level  the 
process  appears  to  be  reversible,  for  if  CO2  is  administered  in  the 
air  breathed  and  the  CO2  content  of  the  blood  is  thus  raised  the 
CO2  capacity  follows  it  upward,  probably  because  of  the  passage 
(A  the  alkali  from  the  tissues  back  into  the  blood.  On  the  other 
hand  if  the  marked  resistance  to  further  depletion  of  C0|  ca- 
pacity which  occurs  at  the  critical  level  is  broken  down  and  the 
CO2  capacity  further  reduced,  the  result  is  a  condition  of  vital 
depression  from  which  the  subject  does  not  spontaneously  re- 
cover.   This  condition  may  be  termed  acapnial  shock. 

In  the  experiments  to  be  reported  here  the  methods  were  iden- 
tical with  those  in  the  first  paper  of  this  series,  and  the  controls 
reported  there  apply  equally  here. 

experimental: 

In  the  first  experiment  are  shown  the  effects  (in  the  dog)  of 
careful  and  skilful  etherization  by  the  open  method.  The  initi- 
ation of  anesthesia  was  rapid,  the  administration  as  nearly  uni- 
form as  practicable  by  this  method,  and  both  excitement  of  respi- 
ration from  too  little  ether  and  depression  from  too  much  were 
avoided.  The  CO2  content  was  reduced  in  the  course  of  the  1st 
hour  from  the  normal  of  60  down  to  45.  It  imderwent  no  con- 
siderable change  during  the  succeeding  5  hours. 
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Experiment  1. — ^Dog,  male,  11  kilos.    Skilful  etherization.    Full  anes- 
thesia by  open  method.    Equilibrating  air  5.6  per  cent  GOj. 


Blood  CXh. 

Condition. 

Respirations 
per  min. 

Content. 

Cmpwity. 

tol.  percent 

vol.  percent 

8.30  a.m. 

Normal. 

21 

51 

50 

9.00    " 

Ether. 

9.30    " 

47 

43 

50 

10.00    " 

48 

43 

45 

10.30    " 

26 

46 

46 

11.00    "    • 

30 

51 

48 

11.30    " 

17 

47 

47 

12.00    " 

19 

44 

47 

12.30    " 

Shallow  respirations. 

29 

56 

48 

1.00  p.m. 

Less  ether. 

21 

46 

45 

1.30    " 

14 

48 

44 

2.00    " 

19 

50 

44 

2.30    " 

29 

44 

46 

3.00    " 

25 

41 

45 

3.05    " 

Experiment  stopped. 

Dog  in  good  condition. 

In  the  second  experiment  the  initiation  of  anesthesia  was  pur- 
posely made  unskilfully  slow.  The  dog  was  allowed  to  struggle 
in  the  stage  of  excitement  for  a  considerable  time,  and  when  this 
period  came  to  an  end  the  ether  was  given  irregularly  so  that  at 
no  time  was  there  deep  anesthesia. 

Experiment  t. — Dog,  female,  8  kilos.  Etherization,  open  method,  ex- 
cessive respiration.    Eqiiilibrating  air  5.5  per  cent  COs. 


Blood  COj. 

Condition. 

Reepirationa 
per  min. 

Time. 

Content. 

Capacity. 

p.m. 

vol.  percent 

to/,  per  cent 

4.00 

18 

47 

49 

4.24 

Ether  started. 

4.26 

44 

4.28 

68 

4.30 

74 

4.33 

90 

4.35 

38 

48 

5.00 

62 

5.10 

39 

44 

5.30 

34 

6.10 

40 

43 

6.30 

46 

7.10 

38 

41 
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In  the  third  experiment  is  afforded  an  example  of  extremely 
bad  light  etherization,  yet  which  was  not  so  bad  as  to  cause  early 
death  from  failure  of  breathing  (aptiea).  The  excessive  breath- 
ing reduced  the  CO2  content  of  the  blood  progressively  and  the 
CO2  capacity  followed  downward  .with  the  usual  lag  imtil  at  a 
CO2  capacity  of  28  the  animal  was  moribund.  It  died  soon 
after. 


Experiment   S. — ^Dog,    male,    14 
Equilibrating  air  5.4  per  cent  CO2. 


kilos.    Prolonged  ether  excitement. 


Time. 

Condition. 

Respira- 
tions per 

Blood  COt. 

min. 

Content. 

C«p*aty. 

vol.  per  cent 

vol.  ptrceni 

9.20  a.m. 

Normal. 

19 

54 

51 

9.30    " 

Ether  started. 

10.00    " 

63 

44 

52 

10.30    " 

82 

39 

44 

11.00    " 

70 

36 

43 

11.30    " 

78 

37 

44 

12.08    " 

42 

36 

41 

12.30    " 

84 

35 

39 

1.00  p.m. 

59 

37 

38 

1.30    " 

76 

31 

36 

2.00    " 

56 

22 

37 

2.30    " 

59 

24 

31 

3.00    " 

82 

27 

28 

3.15    " 

Moribund.    Ether  stopped. 

3.19    " 
3.24    " 

Stopped  breathing. 

Heart  stopped.    Dog  dead. 

In  the  fourth  experiment  the  same  procedure  was  followed  until 
the  CO2  content  had  fallen  at  the  end  of  210  minutes  to  36  volumes 
per  cent  and  the  CO2  capacity  to  38.  The  administration  of  ether 
was  then  stopped,  and  in  the  course  of  the  succeeding  90  minutes 
the  CO2  content  rose  again  nearly  to  normal  and  thereby  caused 
the  CO2  capacity  to  rise  to  46,  only  a  little  below  the  normal 
level. 
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Experiment  4- — Dog,  male,  10  kilos.  Light  and  irregular  ether  for  210 
minutes,  with  spontaneous  recovery  toward  normal  during  following  90 
minutes.    Equilibrating  air  5.7  per  cent  COj.  * 


Time. 

Condition. 

Respinip 

Blood  C0«. 

tions  per 

min. 

Content. 

Capacity. 

vol.  per  cent 

vol.  percent 

9.30  a.m. 

20 

50 

53 

9.45    " 

Ether  started. 

10.00    " 

82 

10.15    " 

42 

50 

10.30    " 

68 

10.45    " 

36 

47 

11.00    " 

66 

11.15    " 

37 

44 

11.30    " 

69 

11.45    " 

36 

41 

12.00    " 

59 

12.15    " 

40 

38 

12.30    « 

60 

1.15  p.m. 

35 

38 

l.?0    « 

Ether  stopped. 

1.45    " 

43 

39 

2.15    " 

49 

43 

2.45    « 

47 

46 

2.50    " 

Animal  in  good  condition. 

Evidently  in  the  foregoing  experiment  the  decrease  of  the  COa 
capacity  (alkaline  reserve)  was  spontaneously  reversible  from  the 
low  level  reached. 

The  first  part  of  Experiment  6  was  similar  to  the  preceding 
experiment.  After  the  CO2  capacity  had  been  reduced  to  39  in 
this  case  however,  instead  of  discontinuing  the  ether  the  amount 
administered  was  increased  to  a  maximum  just  short  of  causing 
respiratory  failure.  This  condition  was  continued  for  80  min- 
utes. Under  the  depression  of  respiration  thus  caused  the  alveo- 
lar CO2  was  of  course  increased.  The  CO2  content  of  the  blood 
rose  to  67  and  the  CO2  capacity  was  raised  to  54;  that  is,  slightly 
above  normal.  The  animal  died  soon  after,  probably  from  an 
insuflBciency  of  oxygen. 
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Experiment  6, — ^Dog,  male,  12  kilos.  Light  and  irregular  etherisation 
followed  by  very^deep  etherization  (with  no  rebreathing).  Equilibrating 
air  5.65  per  cent  00%. 


Condition. 

Respintions 
per  min. 

Blood  COf. 

Time. 

Con- 
tent. 

Capiwaty. 

p,m. 

90<. 

percent 

vol.  vereenl 

3.00 

21 

49 

50 

3.15 

Ether  started. 

3.45 

82 

39 

47 

4.15 

73 

37 

42 

4.45 

57 

38 

43 

5.15 

61 

36 

40 

5.45 

63 

39 

39 

6.00 

Ether  increased  to  limit. 

6.15 

47 

43 

39 

6.45 

Blood  dark. 

37.  shallow. 

53 

41 

7.15 

«        « 

46       " 

67 

54 

7.23 

Dog  dead. 

From  this  experiment  it  is  clear  that  when  the  COj  content  is 
lowered  by  etherization  the  effect  is  not  due  to  any  influence  of 
the  ether  per  se  other  than  the  excessive  pulmonary  ventilation 
and  low  alveolar  CO2.  In  order  however  to  make  absolutely 
sure  of  this  point  we  performed  Experiments  6  and  7.  We 
reasoned  that  if  ether  acts  in  some  obscure  way  upon  metabolism 
to  induce  "acidosis"  (the  opinion  now  widely  held),  then  the 
more  ether  administered  the  greater  should  be  the  so  called 
acidosis  and  the  lower  the  C02-combining  power.  As  ether  in 
low  concentrations  excites  and  in  high  concentrations  depresses 
respiration,  it  was  easy  to  frame  a  crucial  experiment.  Thus  in 
Experiments  6  and  7  an  etherization  so  profound  was  maintained 
that  respiration  was  depressed  and  the  CO2  content  rose  instead 
of  falling.  As  the  protocols  show  the  CO2  capacity  followed  up- 
ward, rising  from  50  to  61  in  one  case,  and  from  47  to  60  in  the 
other. 
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Experimenl  6. — ^Dog,  male,  9  kilos.    Profound  etherisation  and  de- 
pressed respiration.    Equilibrating  air  5.5  per  cent  COi. 


Tune. 

Condition. 

Respirations  per  min. 

Blood  COi. 

Con- 
tent. 

CftpM- 

ity. 

• 

vol. 

vol. 

p.  m. 

percent 

percent 

3.30 

Normal. 

16 

52 

50 

3.45 

Ether  started,  pushed  rapidly. 

4.15 

11 

60 

54 

4.30 

Shallow  respirations.    Blood  dark. 

16 

57 

56 

4.45 

«                                    U                                i(                t€ 

22 

57 

55 

5.15 

<i                                 it                               U               tt 

8 

60 

61 

5.20 

Breathing  stopped.    Dog  dead. 

Experiment  7.— Dog,  male,  7  kilos.    Similar  to  Experiment  6.    Equili- 
brating air  5.6  per  cent  COj. 


•|V__- 

Condition. 

Blood  COt. 

Con- 

Cftpao- 

tent. 

ity. 

vol. 

vol. 

per  cent 

percent 

6.10 

Normal. 

21 

47 

47 

6.30 

Ether     started.       Administered 
rapidly. 

7.00 

Respirations  very  shallow. 

72,  blood  dark. 

64 

63 

7.05 

Ether  lightened. 

7.30 

Shallow  respirations. 

32      "        " 

59 

60 

7.45 

u                       tt 

40      " 

63 

60 

7.50 

Dog  in  critical  condition.    Ether  stopped. 

7.52 

Three  or  four  more  breaths,  then  breathing  stopped,  heart  beating. 

7.56 

Heart  stopped.    Dog  dead. 

Even  Experiments  6  and  7,  decisive  as  they  appear  in  contrast 
to  those  preceding  them,  e.g.,  Nos.  2,  3,  4,  and  5,  might  leave 
open  the  possibility  that  the  excitement  of  light  ether  causes 
a  depression  of  the  CO2  capacity  in  some  way  (e.g.,  excessive 
adrenal  secretion)  other  than  by  the  blowing  oflf  of  CO2.  Accord- 
ingly we  performed  Experiments  8  and  9  in  which  Ught  etheriza- 
tion was  maintained  for  several  hours  but  loss  of  CO2  was  pre- 
vented by  the  fact  that  the  air  which  the  animal  breathed  was 
enriched  by  the  addition  of  CO2  in  the  amounts  shown  in  the 
protocols.    It  will  be  seen  that  in  both  cases  the  CO2  capacity 
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was  slightly  elevated  and  that  when  the  experiments  were  discon- 
tinued, after  5^  and  4j  hours  respectively,  the  animals  were  in 
excellent  condition.' 

Experiment  8. — Dog,  male,  9  kilos.  Light  etherization  with  COs  in- 
halation. Tracheal  cannula  connected  with  closed  circuit  ether  bottle. 
Air  containing  approximately  7  per  cent  of  COs  administered  through 
ether.  Dog  at  all  times  was  kept  under  very  light  ether  as  determined 
by  periods  of  struggling,  vigorous  breathing,  and  full  reflexes.  Equilibrat- 
ing air  5.45  per  cent  COf. 


Time. 

Condition. 

COi  broathed. 

Blood  COi. 

praBmiro. 

Contont. 

Capacity. 

p.m. 

percent 

vol.  percent 

90l.  percent 

mm. 

3.30 

Normal. 

0 

49 

51 

4.00 

Under  ether. 

0 

42 

49 

170 

4.05 

COt  started. 

7.5 

4.15 

* 

7.5 

58 

50 

168 

4.45 

7.1 

5.00 

3.8 

52 

55 

150 

5.30 

7.7 

63 

57 

150 

6.15 

7.6 

55 

55 

154 

6.45 

7.0 

60 

57 

160 

7.15 

6.8 

.      56 

56 

150 

7.45 

6.8 

53 

54 

160 

Dog  in  excellent  condition. 

Experiment  9. — Dog,  male,  14  kilos,  young. 
Equilibrating  air  5.5  per  cent  CO2. 


Similar  to  Experiment  8. 


Time. 

Condition. 

COi  breathed. 

Blood  C0«. 

Arterial 

Content. 

Capacity. 

praaeure. 

p.m. 

prr  Cfnl 

vol.  percent 

vol.  percent 

mm. 

2.48 

Normal. 

0 

48 

47 

3.15 

Ether  started. 

3.42 

0 

128 

3.45 

CO,  started. 

6.2 

4.45 

6.2 

63 

56 

116 

5.45 

6.0 

68 

54 

110 

6.45 

7.7 

71 

51 

114 

7.45 

6.4 

62 

56 

110 

8.45 

7.1 

67 

55 

108 

Dog  in  good  cc 

)ndition.     Bl 

ood  a  good  bright  normal 

color. 
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CONCLUSIONS. 

The  disturbance  of  the  CO2  capacity  of  the  blood  by  ether  ap- 
pears from  these  experiments  to  be  wholly  dependent  on  disturb- 
ance of  respiration.  If  the  anesthesia  is  managed  so  that  respi- 
ration is  but  little  increased,  the  lowering  of  the  CO2  capacity 
of  the  blood 'is  slight.  Ether  hyperpnea  however  causes  a  very 
great  reduction.  Down  to  the  critical  level  between  33  and  36 
volumes  per  cent  the  process  is  spontaneously  reversible  and  the 
animal  recovers.  Below  this  level  it  appears  to  be  irreversible, 
and  death  ensues. 

At  present  such  effects  even  above  the  critical  level  are  gener- 
ally interpreted  as  "acidosis."  Our  results  show  them  to  be  of  a 
very  different  origin.  It  is  possible  however  that  below  the 
critical  level  a  true  acidosis  of  an  asphyxial  character  sets  in. 

Etherization  so 'profound  as  to  depress  respiration  causes  a 
rise  of  the  CO2  capacity. 

Light  etherization  such  as  is  otherwise  most  effective  in  low- 
ering the  CO2  capacity,  and  most  harmful  to  the  subject,  loses 
this  influence  when  administered  with  sufficient  CO2  to  main- 
tain the  alveolar  CO2  at  a  normal  level. 

From  these  facts  it  is  clear  that  under  ether  the  CO2  capacity 
of  the  blood  (alkaline  reserve)  follows  and  is  controlled  by  the 
CO2  content,  and  that  the  CO2  content  is  in  turn  dependent  upon 
the  alveolar  CO2,  which  is  determined  by  the  breathing. 

These  results  afford,  we  believe,  final  proof  of  the  essential 
correctness  of  the  views  on  this  topic  (acapnia  under  anesthesia^) 
which  have  been  advocated  now  for  10  years  past  in  papers  from 
this  laboratory. 

We  desire  to  acknowledge  our  debt  to  Van  Slyke  and  his  col- 
laborators^ for  bringing  forward  the  conception  of  the  *'alkaUne 
reserve,''  or  as  we  prefer  to  call  it  the  CO2  capacity  of  the  blood. 
This  conception  has  enabled  us  to  produce  proof  on  a  topic 
which  after  controversy  and  general  rejection  was  evidently 
passing  into  oblivion. 

'  Bryant,  J.,  and  Henderson,  Y.,  J.  Am,  Med,  Assn.,  1915,  Ixv,  1  (dis- 
cussion of  clinical  aspects  of  problem  and  references  to  previous  work). 

*Van  Slyke,  D.  D.,  Stillman,  E.,  and  Cullen,  G.  E.,  /.  Biol.  Chem,, 
1917,  XXX,  401. 
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RESPIRATORY  REGULATION  OF    THE  CO2  CAPACITY 
OF  THE  BLOOD. 

in.    THE  EFFECTS  OF  EXCESSIVE   PULMONARY  VENTILATION. 

By  YANDELL  HENDERSON  and  H.  W.  HAGGARD. 

{From  the  Physiological  Laboratory ^  Yale  Medical  School,  New  Haven.) 
(Received  for  publication,  December  31,  1917.) 

Pain  causes  excessive  breathing:  abnormally  intense  pulmonary 
ventilation.  What  part  does  this  ventilation  play  as  an  inter- 
mediary between  pain  and  its  end  results;  e.g.,  the  characteristic 
alterations  of  the  CO2  capacity  of  the  blood,  of  venous  and  ar- 
terial pressure,  of  oxygen  consumption,  etc.?  For  an  answer  to 
this  question  we  need  experiments  which  afford  excessive  pul- 
monary ventilation  but  none  of  the  other  conditions  of  pain.  In 
man  this  test  may  be  made  experimentally  (so  far  as  one  dares 
and  is  physically  able)  by  prolonged  voluntary  forced  breathing.* 
In  animals  the  problem  may  be  attacked  by  means  of  excessive 
artificial  respiration.  In  this  paper  we  shall  report  some  experi- 
*  ments  on  the  latter  line  of  attack. 

There  seems  to  be  a  misapprehension  as  to  what  we  mean  by  excessive 
breathing.  One  observer  writes  us  from  a  casualty  clearing  station  in 
France  as  follows: 

"As  to  excessive  breathing,  we  have  made  careful  observations  on 
freshly  wounded  men  both  in  the  trenches  and  in  the  casualty  clearing 
station,  and  have  found  that  it  does  not  occur.  A  man  was  brought  in  a 
few  minutes  after  he  l\ad  been  hit  by  a  small  splinter  of  a  bomb  which  had 
penetrated  his  wrist.  He  was  suffering  intense  pain  and  was  breathing, 
each  expiration  a  grunt,  twelve  times  a  minute." 

We  have  tried  breathing  in  this  way  ourselves  and  find  that  after  doing 
so  for  40  seconds  an  apnea  of  20  seconds  followed.  Quantitatively  this 
indicates  that,  at  least  as  we  did  it,  such  breathing  involves  a  50  per  cent 
overventilation.  The  same  writer  says,  "The  severely  wounded  com- 
monly testify  to  feeling  no  pain."    This,  we  think,  corresponds  with  the 

» Henderson,  Y.,  Am.  J.  Physiol.,  1909-10,  xxv,  321;  Bull.  Johns  Hop- 
kins Hosp.,  1910,  xxi,  236;  /.  Pharm.  and  Exp.  Therap.,  in  press. 
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fact  that,  as  reported,  shock  occurs  in  only  a  minority  of  the  wounded. 
Furthermore  overventilation  quickly  results  in  a  numbing  of  sensation,— 
an  almost  anesthetic  condition  as  regards  consciousness,  and  3ret  the 
excessive  breathing  may  continue. 

Method. 

In  general  the  methods  employed  were  similar  to  those  in  the 
preceding  papers  of  this  series.  The  animals  were  however  given 
an  intramuscular  injection  of  chloratone  dissolved  in  alcohol. 
At  the  outset  of  pach  experiment  they  were  also  etherized  for  a 
few  minutes. 

The  apparatus  with  which  the  excessive  artificial  respiration 
was  administered  is  shown  in  Fig.  1.  It  consisted  of  two  rotary 
air  blowers  belted  to  a  shafting  (not  shown)  so  that  one  forced  air 
toward  a  Y  tube  tied  into  the  trachea  and  the  other  sucked  air 
from  it.  Escape  valves  were  connected  with  each  side  to  prevent 
the  pressures  either  positive  or  negative  ever  exceeding  30  cm. 
water  column.  By  means  of  a  hand  lever  the  Y  tube  in  the 
trachea  was  opened  alternately  to  pressure  and  suction. 

EXPERIMENTAL. 

In  a  control  experiment  without  artificial  respiration  it  was 
found  that  chloratone  itself  in  the  dosage  employed  has  no* 
marked  effect  upon  either  the  COj  content  or  CO2  capacity  of  the 
blood.     It  is  well  known  that  dogs  under  chloratone  have  a  low 
arterial  pressure. 


Experiment  1. — Control.     Dog,  male,  19  kilos. 
Equilibrating  air  5.5  per  cent  CO2. 


Chloratone  anesthesit. 


Time. 

Condition. 

Blood  CO.. 

Content. 

Capacity. 

10.30  a.m. 
10.45     " 

11.35     " 
1.35  p.m. 
2.35    " 

Normal. 

Chloratone  administered,  4.8 
gm. 

vol.  per  cent 

48 

46 
47 
.48 

vol.  per  cent 
49 

48 

46 
46 
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In  Experiment  2  the  artificial  respiration  was  made  as  vigorous 
as  possible.  The  instant  the  lungs  were  filled  or  emptied  the 
lever  was  reversed  and  the  alternate  phase  of  respiration  induced. 
From  the  protocol  it  appears  that  within  22  minutes  the  COs 
content  of  the  blood  was  reduced  from  52  to  22,  the  CO,  capacity 
from  50  to  38,  and  the  arterial  pressure  from  130  nun.  down  to  50. 
When  the  ventilation  was  stopped  it  was  necessary  to  administer 
artificial  respiration  by  hand  by  squeering  the  chest  occasioniJly 
in  order  to  prevent  death  from  prolonged  apnea.  Even  so,  ali 
of  the  functions  measured  continued  to  ^all,  the  CO,  capacity  to 
28  and  arterial  pressiu^e  to  25,  and  the  animal  died  55  minutes 
after  the  artificial  respiration  was  stopped.  In  all  of  these  ex- 
periments a  careful  autopsy  was  conducted,  air  embolism  and 
pulmonary  hemorrhages  being  particularly  looked  for.  The  find- 
ings in  this  respect  were  negative.  In  this  animal  the  only  ab- 
normality found  was  a  mass  of  roundworms  in  the  right  heart. 


Experiment  S.—Dog,  male,  8  kilos, 
brating  air  5.6  per  cent  COa. 


Passive  overventilation.    Equili- 


BlooaCOi. 

l^onditioD. 

Artwttl 

Time. 

Content. 

(^MMMrity. 

tot. 

Ml. 

percent 

ptretnt 

inw. 

10.15  a.i 

n.         Normal. 

53 

61 

10.30    ' 

'            Chloratone,  2  gm. 

11.35    * 

^            Operated. 

52 

50 

130 

11.43    ' 

Ventilation  started. 

11.50    ' 

110 

11.55    * 

50 

12.05  •' 

Ventilation  stopped. 

12.06    * 

22 

38 

12.20    ' 

Redoxes  hyperactive. 

25 

12.30    ' 

f 

20 

28 

25 

12.35    ' 

'            Reflexes  practically  absent. 
Respirations  36  per  min. 

1.00  p.i 

Qtt.         Dead. 

In  Experiment  3  the  artificial  respiration  was  carried  on  much 
less  vigorously  than  in  the  preceding  case,  but  was  still  mark- 
edly in  excess  of  normal  breathing.     In  the  course  of  an  hour  and 
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45  minutes  the  COt  content  of  the  blood  was  reduced  to  28  vol- 
umes per  cent,  the  COi  capacity  to  34,  and  the  arterial  pressure 
to  70  mm.  After  termination  of  the  mechanical  artificial  respi- 
ration it  was  found  necessary  for  a  time  to  squeeze  the  chest 
occasionally  to  prevent  ddath  in  apnea. 

In  the  course  of  half  an  hour  spontaneous  respiration  of  a  shal- 
low rapid  type  returned,  but  the  animal  continued  to  sink  and 
died  an  hour  and  40  minutes  after  the  cessation  of  the  period  of 
excessive  ventilation. 

In  this  and  in  the  preceding  experiment  it  was  observed  that 
at  first  the  reflexes,  particularly  the  knee-jerk,  seemed  to  be  actu- 
ally increased  in  responsiveness,  but  that  after  the  excessive  arti- 
ficial respiration  was  stopped  the  reflexes  decreased  in  responsive- 
ness until  they  had  practically  disappeared. 

Experiment  5. — ^Dog,  male,  7  kilos.  Passive  overventilation,  similar 
to  Experiment  2,  but  not  so  active.    Equilibrating  air  5.6  per  -cent  COj. 


BkxxlCOt. 

Time. 

Condition. 

Arterial 

preaeure. 

Content. 

Capacity. 

p.  m. 

vol.  per  cent 

9ol.  percent 

mm. 

3.00 

Normal. 

55 

56 

3.20 

Chloratone,  1.4  gm. 

4.58 

54 

55 

130 

5.15 

Ventilation  started. 

5.30 

37 

41 

130 

6.00 

31 

37 

120 

6.15 

Reflexes  hyperactive. 

6.30 

31 

35 

95 

7.00 

28 

34 

70 

7.05 

Ventilation    stopped.    Artificial 
respirations  3  min.   (manual). 

7.30 

Reflexes  partially  abolished. 

7.30 

23 

38 

50 

8.00 

Respirations  shallow  and  rapid, 
44  per  minute. 

8.00 

50 

8.30 

Respirations,  55  per  min. 

50 

8.35 

26 

35 

48 

8.47 

Dog  dead. 

AiUopty. — ^Xo  pulmonary  lesions.    No  air  emboli  in  coronary  vessels. 
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Experiment  4  affords  evidence  that  excessive  ventilation  may 
have  profound  effects,  including  circulatory  failure,  which  may 
continue  even  when  the  CO2  capacity  returns  to  normal, — unless 
perhaps  this  animal  was  unusually  susceptible  to  chloratone. 
Death  was  evidently  due  to  circulatory  failure. 

Experiment  4- — I^g>  male,  9  kilos.  Overventilation.  Similar  to  Experi- 
ment 3.    Equilibrating  air  5.5  per  cent  CX)|. 


Blood  COt. 

Condition. 

Arterial 

Tims. 

Content. 

CapMity. 

preeraro. 

tol. 

vol. 

peretHi 

percent 

mm. 

9.00  a.m. 

Normal. 

47 

50 

9.20    " 

Chloratone,  1.8  gm. 

10.20    " 

49 

48 

100 

10.35    " 

Ventilation  started. 

10.50    "  ' 

29 

42 

70 

11.20    " 

21 

37 

70 

11.50    " 

34 

40 

60 

12.20    " 

Reflexes  hyperactive. 

12.20    " 

33 

36 

60 

1.45  p.m. 

Ventilation  stopped. 

X.45    " 

30 

38 

60 

2.15    " 

43 

44 

58 

2.30    " 

Oxygen    lack.    Blood    dark. 
Occasional  gasps. 

3.15    " 

Reflexes  sluggish. 

43 

44 

50 

3.40    " 

Irregular  blood  pressure. 

50-90 

4.00    '• 

Great  Oj  deficiency. 

60 

54 

35 

4.10    " 

Dog  dead. 

AiUopny. — Nothing  abnormal  found. 

From  the  two  preceding  experiments  it  is  clear  that  excessive 
artificial  respiration  results  in  a  marked  decrease  in  the  GOj 
content  and  COj  capacity  of  the  blood  and  also  in  the  arterial 
pressure.  In  the  light  of  the  experiments  reported  in  the  two 
preceding  papers  of  this  series  it  is  altogether  likely  that  these 
results  are  chiefly  due  to  the  excessive  ventilation.  A  possible 
objection  may  however  be  made  that  the  violent  movements  of 
excessive  artificial  respiration  are  in  part  responsible  for  the  effects, 
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imrticularly  upon  arterial  pressure.  In  order  to  test  this  point 
therefore  we  carried  out  Experiment  5.  The  point  of  the  ex- 
periment was  to  administer  quite  as  vigorous  artificial  respiration 
as  in  the  previous  experiments,  but  with  air  containing  such  a 
percentage  of  CO2  as  would  prevent  any  reduction  in  the  CO2 
content  of  the  blood. 

For  this  purpose  the  apparatus  shown  in  Fig.  1  was  used  with 


Fig.  2. 

the  addition  of  that  shown  in  Fig.  2.  The  latter  consisted  of  a 
glass  jar  of  12  liters  capacity  in  which  a  rubber  bag  (B)  was  sus- 
pended on  the  end  of  a  tube  (A)  which  was  fastened  to  the  Y 
tube  of  the  apparatus  of  Fig.  1.  IHibe  C  was  attached  to  the 
animal's  trachea.  Oxygen  was  passed  into  the  jar  as  needed,  and 
gas  samples  were  taken,  through  tube  D,  while  a  small  escape 
valve  (E,  at  the  right  of  the  figure)  allowed  a  little  fresh  air  to 
enter  and  leave  the  jar  at  each  reversal  of  the  air  current. 
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Experiment  6. — Control  experiment.  Dog,  male,  9  kilos.  Excessive 
artificial  respiration  mih  air  containing  COj.  Equilibrating  air  5.5  per 
cent  COi. 


Blood  CX),. 

Time. 

Condition. 

Arterial 

Content. 

CapMdty. 

preueoje. 

p,m. 

tU,  percent 

vol.  per  cent 

mm. 

2.10 

Normal. 

47 

49 

2.30 

Chloratone,  1.8  gm. 

3.00 

Ether.    Operated. 

3.21 

"       stopped. 

43 

46 

3.40 

110 

3.45 

Ventilation  started. 

3.50 

138 

4.15 

56 

52 

4.40 

Contents  of  rebreathing  chamber 
7.9  per  cent  CO2. 

4.45 

58 

53 

4.45 

142 

5.10 

Contents  of  rebreathing  chamber 
6.7  per  cent  CO,. 

5.15 

56 

54 

126 

5.22 

Ventilation  stopped. 

5.'45 

Respirations,  32  per  min. 

118 

5.55 

38    • 

44 

90 

6.15 

Respirations,  37  per  min. 

75 

6.30 

it             32    «      it 

80 

Reflexes  normal,  animal  in  good  condition.    Killed. 

From  this  experiment  it  appears  that  the  movements  of  exces- 
sive artificial  respiration  so  far  from  causing  a  fall  of  arterial 
pressure  in  themselves  tend  to  cause  (or  at  least  are  compatible 
with)  a  rise,  due  either  to  the  pumping  action  upon  the  thoracic 
and  abdominal  blood  vessels  or  to  the  effects  of  high  COj.  The 
rather  low  arterial  pressure  after  termination  of  the  period  of 
excessive  ventilation  may  fairly  be  assigned  to  the  chloratone. 

CONCLUSIONS. 

Excessive  pulmonary  ventilation  by  means  of  artificial  respira- 
tion induces  not  only  a  lowering  of  the  CO2  content  but  also  of  the 
CO2  capacity  of  the  blood.     Arterial  pressure  also  falls  and  death 
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from  circulatory  failure  may  follow'.  If  the  artificial  respiration, 
instead  of  being  made  with  fresh  air,  is  carried  on  by  continual 
reinjection  mainly  of  expired  air,  so  that  the  COs  content  of  the 
blood  is  not  reduced,  the  COs  capacity  and  arterial  pressure  do 
not  fall  and  the  other  ill  effects  also  fail  to  appear. 

'Cwald,   A.y  Arch,  gea,  Physiol.,   1873,  vii,  580.   Henderson,   Am,  J. 
Physiol.,  1908,  xxi,  126. 
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OF  THE  BLOOD. 

IV.    THE  SEQUENCE  OF  TRAUMA,  EXCESSIVE  BREATmNG, 
REDUCED  CO2  CAPACITY,  AlfD  SHOCK. 

By  YANDELL  HENDERSON  and  H.  W.  HAGGARD. 

{From  the  Physiological  Laboratory,  Yale  Medical  School,  New  Haven,) 
(Received  for  publication,  December  31,  1917.) 

The  term  "shock"  has  come  to  be  applied  not  only  to  the  most 
diverse  sorts  of  functional  depression  following  trauma,  but  also 
to  nearly  any  experimental  method  (no  matter  how  artificial)  for 
causing  circulatory  failure. 

The  common  procedure  for  the  production  of  shock  experi- 
mentally in  dogs  is  to  expose  and  manipulate  the  abdominal 
viscera  under  mprphine  anesthesia.  The  bearing  of  such  radical 
experiments  on  shock  in  man  can  be  accepted  only  with 
considerable  reserve.  This  is  important  in  considering  experi- 
mental work  on  shock  because  of  the  fact  that,  as  Mann*  has 
pointed  out,  with  the  exception  of  certain  experiments  perfom  ed 
some  years  ago  in  this  laboratory,  the  procedure  of  exposure  and 
manipulation  of  the  abdominal  viscera  has  been  almost  the  sole 
method  by  which  ''shock"  has  been  induced  experimentally. 

In  some  experiments,  of  which  a  preliminary  notice  was  pub- 
lished some  months  ago  by  Prince  and  ourselves,*  it  was  found 
that  after  irritation  of  the  abdominal  viscera  a  marked  reduction 
of  the  CO2  capacity  of  the  blood  occurred.  In  these  experiments 
we  intentionally  induced  excessive  (natural)  breathing. 

Recently  Cannon'  has  reported  that  in  wounded  soldiers  in 
shock  the  "alkaline  reserve"  or  CO2  capacity  of  the  blood  is 

»  Mann,  F.  C,  Bull,  Johns  Hopkins  Hosp.,  1914,  xxv,  205. 

«  Henderson,  Y.,  Prince,  A.  L.,  and  Haggard,  H.  VV.,  J.  Am,  Med,  Assn,, 
1917,  Ixix,  965. 

» Cannon,  W.  B.,  Reports  to  Committee  on  Physiologv,  National  Re- 
search Council,  Am.  J.  Physiol,,  in  press. 
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much  reduced,  that  a  further  reduction  is  induced  by  anesthesia 
and  operation,  and  that  administration  of  alkaU  intrav^ously 
is  beneficial. 

In  view  of  these  facts,  particularly  Cannon's  observations,  it 
seemed  to  us  important  to  determine  whether  trauma  per,  <e 
apart  from  excessive  pulmonary  ventilation  and  reduction  in  the 
body's  content  of  CO2  would  cause  a  reduction  in  the  COj  capacity 
of  the  blood.  As  Protocols  1  and  2  show,  the  answer  is  clearly  in 
the  negative.  In  general  the  anal3rtical  methods  employed  were 
similar  to  those  used  in  the  previous  papers  of  this  series. 

Experiment  /.^Dog,  female,  9  kilos.  General  intestinal  trauma.  The 
animal  breathed  air  containing  a  sufficient  percentage  of  CO2  to  prevent 
loss  due  to  hyperpnea. 


Time. 

Condition. 

ij 

Blood  COf. 

Arteml 

pra 

Con- 

0^ 

sure. 

tent. 

pamty. 

p.m. 

per  ctnt 

tcl. 
per  eenl 

tol. 
per  etni 

mm. 

3.20 

Normal. 

48 

40 

3.30 

Morphine,  0.18  gm. 

4.30 

57 

54 

122 

5.00 

CO,  started. 

7.3 

130 

5.10 

Intestinal  trauma  started. 

122 

5.40 

Intestines  very  congested. 

54 

51 

100 

6.10 

"           engorged. 

54 

51 

6.13 

Accidental  hemorrhage  of  about  100  cc. 

6.40 

Manipulation  stopped. 

7.6 

52 

50 

.78 

7.10 

Heart  stopped.    Respiration  continued 

for  a  minute  < 

[)r  two. 

Death  in  this  case  was  probably  due  to  the  large  amount  of 
blood  which  stagnated  in  the  traumatized  viscera  and  to  loss  of 
heat.  Such  a  death  may  be  assigned  to  shock,  but  it  is  a  shock  of 
a  different  type  from  that  induced  by  less  trauma  when  the  COj 
of  the  body  is  greatly  reduced. 

In  the  following  experiments  we  have  employed  a  method  of 
inducing  shock  which  avoids  the  objections  above  pointed  out  U) 
general  visceral  trauma.  An  incision  under  morphine  anesthesia 
was  made  in  the  midline  of  the  abdomen  over  the  stomach  barely 
large  enough  to  admit  the  hand.  The  hand  carefully  wrapped 
with  cotton  was  then  introduced  up  to  the  wrist,  and  the  space 
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around  the  wrist  was  packed  with  cotton  to  prevent  loss  of  heat 
or  the  escape  of  a  loop  of  intestine.  The  clenched  hand  was 
moved  rapidly  50  or  60  times  a  minute  $o  as  to  bring  the  knuckles 
with  a  downward  and  forward  motion  upon  the  duodenal  end  of 
the  stomach.  The  result  was  vigorous  respiration  on  the  part  of 
the  subject.  Several  times  there  was  vomiting.  The  animal 
was  kept  upon  a  warm  plate  and  there  was  no  fall  of  rectal 
temperature.  Any  consciousness  of  pain  was  prevented  by  the 
morphine  administered. 

In  Experiment  2  trauma  and  excessive  breathing  were  pro- 
duced in  this  way.    The  animal  was,  however,  made  to  breathe 

Experiment  t, — Dog,  male,  12  kilos.  Gastric  manipulation,  while  the 
animal  breathed  COt  and  later  without  COs.  Equilibrating  air  5.55  per 
cent  COi. 


Condition. 

IH 

Blood  COj. 

Arterial 

Time. 

Con- 

Ca- 

pres- 
sure. 

x[ 

tent. 

pacity. 

p.m. 

per  cent 

vol. 
per  cent 

per  cent 

mm. 

1.45 

Normal. 

26 

48 

50 

2.00 

Morphine,  0.24  gm. 

2.15 

16 

108 

2.45 

15 

67 

60 

110 

2.53 

CO,  started. 

6.8 

3.05 

Abdominal  incision. 

19 

120 

3.15 

Gastric  manipulation  started. 

56 

120 

3.30 

54 

120 

3.45 

Votoited. 

43 

5.8 

56 

50 

130 

4.15 

44 

7.0 

128 

4.45 

37 

7.1 

53 

56 

116 

4.53 

Manipulations  stopped. 

• 

5.10 

COj  stopped. 

5.15 

7 

5.30 

7 

0 

41 

49 

106 

6.30 

9 

0 

46 

47 

106 

6.45 

Gastric  manipulation. 

34 

108 

7.05 

Manipulation  stopped. 

34 

7.15 

9 

36 

36 

70 

7.30 

Dog  dead. 

44 

air  containing  a  sufficient    amount    of    CO2    to    prevent 
From  the  protocol  it  will  be  seen  that  after  an  hour  and  38  minutes 
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under  these  conditions  the  COt  content  and  the  CO2  capacity  (rf 
the  blood  were  still  practically  normal,  and  arterial  pressure  had 
not  suffered  any  considerable  fall.  Both  the  CO2  administration 
and  the  manipulation  were  then  stopped  for  2  hours.  No  very 
marked  change  followed.  Then  the  manipulation  was  repeated 
but  without  inhalation  of  CO2.  In  20  minutes  the  COj  content 
and  capacity  had  fallen  to  the  critical  level  and  arterial  pressure 
was  undergoing  a  decline  which  ended  25  minutes  later  in  death. 
In  Experiment  3  the  manipulation  of  the  stomach  was  car- 
ried out  in  the  manner  above  described  for  1  hom*.  The  animal 
did  not  breathe  CO2.  23  minutes  after  the  termination  of  this 
treatment  death  followed. 

Experiment  S. — Dog,  female,  9  kilos.    Manipulation  of  stomach.  Equi- 
librating air  5.4  per  cent  COs. 


Blood  CX)«. 

Condition. 

Hpspira- 

tiOQS 

Arterial 

Ttina. 

prenore. 

per  min. 

Content. 

Capacity. 

p.m. 

vttl.  per  cent 

vol.  per  cent 

mm- 

2.00 

Normal. 

20 

48 

49 

3.15 

Morphine,  0.19  gm. 

10 

3.30 

11 

61 

54 

126 

3.45 

Gastric  manipulation 
started. 

4.00 

50 

43 

52 

94 

4.15 

37 

49 

4.30 

46 

28 

38 

86 

4.45 

Manipulation  stopped. 
Reflexes  absent. 

5.00 

36 

27 

32 

58 

5.08 

Dog  dead. 

40 

In  Experiments  4  and  5  the  manipulation  of  the  stomach  was 
carried  out  until  a  distinct  condition  of  shock  as  judged  by  COj 
capacity,  absence  of  reflexes,  and  low  arterial  pressure  was  at- 
tained. The  attempt  was  then  made  to  reverse  these  conditions 
and  to  restore  the  animal  by  causing  it  to  inhale  COt  in  the  per- 
centages shown  in  the  protocols.  In  neither  case  was  there  any 
distinct  improvement,  and  death  followed.  Autopsy  showed 
little  engorgement  of  the  intestines  and  no  hemorrhage,  but  there 
was  a  marked  dilatation  of  the  stomach. 
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Experiment  4. — Dog,  male,  7}  kilos.  Gastric  manipulation,  followed 
by  an  attempt  to  treat  low  CO2  capacity  with  CO2.  Equilibrating  air  5.5 
per  cent  COj. 


1! 

•ft 

Blood  COj. 

4 

Tim« 

Condition. 

n-S 

fe^ 

Ill 

11 

Con- 
tent. 

Ca- 

piwity. 

1^ 

percent 

tol, 
per  cent 

per  cent 

mm 

10.00  a.m. 

Normal. 

22 

46 

49 

10.05    " 

Morphine,  0.15  gm. 

10.45    " 

10 

58 

56 

110 

10.55    " 

Gastric    manipulation 
started. 

11.00    " 

64 

155 

11.15    " 

52 

134 

11.30    " 

58 

120 

11.45    " 

46 

43 

47 

115 

12.15    " 

54 

30 

33 

75 

12.25    " 

Manipulation  stopped. 
Moribund,     no     re- 
flexes. 

12.30    " 

Started  COj. 

39 

7.6 

26 

27 

35 

12.45    " 

20 

7.6 

31 

26 

32 

1.00  p.m. 

18 

7.6 

33 

29 

25 

1.15    " 

21 

7.6 

34 

30 

30 

1.28    " 

Heart  stopped. 

Experiment  5.— Dog,  female,  7  kilos, 
iibrating  air  5.5  per  cent  COs. 


Similar  to  Experiment  4.    Equi- 


TSoM. 

Condition. 

Reepira- 

tions 
per  min. 

COs  in  air 
breathed. 

Blood  CO,. 

Arterial 

Content. 

Capacity. 

preteurt. 

p.nu 

percent 

vol. 
percent 

vol. 
percent 

mm. 

2.15 

Normal. 

21 

50 

49 

2.30 

Morphine,  0.14  gm. 

3.00 

12 

59 

53 

100 

3.30 

Manipulation  started. 

47 

130 

3.45 

53 

80 

4.00 

60 

39 

42 

4.15 

Reflexes  weak. 

40 

4.20 

Manipulation  stopped. 

4.25 

34 

37 

40 

4.30 

CO,  started. 

8.0 

4.45 

30 

9.1 

41 

36 

50 

5.00 

9.7 

40 

5.15 

10.3 

46 

38 

35 

5.30 

11.0 

46 

35 

25 

5.43 

Heart  stopped. 
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Evidently  beyond  the  critical  point  the  processes  causing  low- 
ering of  the  C(X  capacity  and  other  ill  effects  are  not  reversible. 
Perhaps  at  these  low  levels  a  true  acidosis  due  to  tissue  asphyxia 
resulting  from  failing  circulation  sets  in,  as  suggested  some  years 
ago  in  papers  on  this  general  subject  from  this  laboratory/ 

The  matter  is  particularly  ifateresting  now  in  view  of  the  fact 
that  Porter*  has  recently  reported  beneficial  results  by  causing 
wounded  soldiers  in  shock  to  breathe  COj.  In  the  light  of  our 
observations  we  should  expect  this  treatment  to  hasten  the  re- 
covery of  those  cases  whose  COj  capacity  was  still  above  the 
critical  level  and  who  would  therefore  in  all  probability  have  re- 
covered slowly  without  treatment,  but  to  be  only  a  means  of 
temporarily  prolonging  life  in  cases  in  which  the  COj  capacity 
had  already  sunk  below  the  critical  level 


In  this  connection  we  may  mention  the  fact  that  some  years  ago  one  of 
us  had  an  opportunity  to  observe  and  treat  in  this  way  a  case  of  shock. 
The  case  was  that  of  a  boy  who  had  been  run  over  by  a  railroad  train. 
One  of  his  feet  had  been  cut  off  and  the  other  badly  mangled.  Apparently 
there  had  been  no  considerable  hemorrhage.  Apparently  also  there  was,  in 
accord  with  our  correspondent  quoted  in  Paper  III,  at  no  time  agoniaing 
pain  Nevertheless,  even  when  he  first  came  under  observation  within 
an  hour  after  the  accident  the  character  of  the  breathing  was  such  as  to 
indicate  a  distinct  tendency  toward  apnea.  In  the  course  of  the  next 
few  hours  during  the  night  there  was  Cheyne-Stokes  breathing.  Next 
morning  he  was  at  the  point  of  death  at  about  9  o'clock,  respiration  hav- 
ing reached  the  stage  of  asphyxial  inspiratory  gasps.  GOt  gas  was  ad- 
ministered by  holding  an  inverted  glass  funnel  connected  with  a  tank 
of  COt  above  his  nose.  Under  such  inhalation  respiration  was  restored 
to  a  form  strikingly  like  that  of  normal  sleep.  There  was  a  marked  im- 
provement in  the  color  of  the  skin  and  lips  and  in  other  vital  signs.  The 
treatment  was  continued  for  8  or  9  hours  and  certainly  prolonged  life 
fully  to  this  extent.  Nevertheless  the  circulation  gradually  failed  and 
death  followed. 


*  Henderson,  Y.,  Am,  J.  Physiol.,  1908,  xxi,  126;  1908-09,  xxiii,  345; 
1909,  xxiv,  66;  1909-10,  xxv,  310,  385,  Henderson,  Y.,  and  Scarbrough, 
M.  McR.,  ibid.,  1910,  xxvi,  260.    Henderson,  ibid.,  1910-11,  xxvii,  152. 

» Porter,  W.  T.,  Boston  Med.  and  Surg.  /.,  1917,  clxxvii,  326. 
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CONCLUSIONS. 

In  reports  from  Cannon  on  his  observations  upon  shock  in 
wounded  soldiers,  emphasis  has  been  placed  upon  the  lowering 
of  the  alkaline  reserve  of  the  blood,  upon  the  fact  that  under 
anesthesia  and  operation  a  further  lowering  occurs,  and  that 
intravenous  injection  of  alkaline  solution  has  strikingly  beneficial 
effects. 

Our  experiments  show  that  apart  from  overventilation  of  the 
lungs  trauma  does  not  cause  a  lowering  of  the  CO2  capacity  (alka- 
line reserve)  of  the  blood,  even  when  by  general  traumatization 
and  cooling  of  the  abdominal  viscera  and  consequent  stagna- 
tion of  the  blood  in  the  injured  parts,  failure  of  the  circulation  and 
death  are  induced. 

If,  on  the  other  hand,  no  measures  are  taken  to  prevent  exces- 
sive pulmonary  ventilation,  the  overbreathing  induced  even  by 
localized  manipulation  of  the  stomach,  while  the  rest  of  the  viscera 
are  protected,  causes  lowering  of  the  CO2  content  and  CO2  capacity 
of  the  blood,  and  also  of  arterial  pressure.  If  the  lowering  of  the 
CO2  capacity  is  pushed  beyond  the  apparently  critical  level,  be- 
tween 33  and  36  volumes  per  cent,  the  disturbance  of  the  vital 
equilibrium  results  fatally. 

The  same  duration  and  degree  of  localized  manipulation  admin- 
istered while  the  subject  is  inhaling  6  or  7  per  cent  of  CO2  does 
not  cause  any  marked  lowering  of  the  CO2  capacity,  arterial 
pressure,  or  general  vitality. 

Below  the  critical  level  for  the  CO2  capacity,  treatment  by  the 
administration  of  7  to  10  per  cent  CO2  in  the  air  breathed  does 
not  cause  restoration  of  CO2  capacity  or  arterial  pressm-e. 

These  results  are  in  general  harmony  with  the  conception  of 
acapnia  as  a  factor  in  shock,  long  advocated  in  papers  from  this 
laboratory. 

Further  investigations  are  under  way  on  the  therapeutic  and 
prophylactic  sides.* 

The  expenses  of  the  investigations  reported  in  this  series  of 
papers  have  been  defrayed  by  the  Loomis  Medical  Research 
Fund. 

*  Papers  dealing  with  the  effects  upou  the  circulation  of  excess  and 
deficiency  of  CO2  will  be  published  shortly  in  the  Journal  of  Pharma^ 
oology  and  Experimental  Therapeutics. 


Digitized  by 


Google 


Digitized  by 


Google 


A  FOAM  INfflBITOR  IN  THE  VAN  SLYKE  AMINO 
NITROGEN  METHOD. 

By  H.  H.  MITCHELL  and  H.  C.  ECKSTEIN. 

{Prom  the  Department  of  Animal  Husbandry,  University  of  Illinois,  Urbana,) 

(Received  for  publication,  January  11, 1918.) 

This  laboratory  has  experienced  considerable  diflSculty  recently 
in  finding  a  suitable  substance  to  prevent  foaming  during  the 
determination  of  aliphatic  amino  nitrogen  in  animal  and  plant 
extracts  according  to  the  Van  Slyke  nitrous  acid  method.  KaM- 
baum's  secondary  caprylic  alcohol,  recommended  by  Van  Slyke, 
cannot  be  obtained  on  the  market  now,  while  other  preparations 
we  have  tried  have  invariably  affected  the  volume  of  gas  not  ab- 
sorbable by  the  alkaline  permanganate  solution.  Thus,  0.2  cc.^ 
of  the  secondary  caprylic  alcohol  obtained  from  castor  oil  by  re- 
fluxing  with  NaOH  and  subsequently  distilling  and  fractionating,^ 
gave  1.00  cc.  more  of  gas  not  absorbable  by  alkaline  permanga- 
nate in  an  amino  nitrogen  determination,  than  was  obtained  in 
a  duplicate  determination  in  which  no  alcohol  was  used.  A  pre- 
paration of  caprylic  alcohol  obtained  from  Eimer  and  Amend 
gave  similar  results,  even  when  fractionally  distilled.  We  at- 
tempted to  overcome  this  effect  by  shaking  the  alcohol  with  gla- 
cial acetic  acid  and  a  30  per  cent  solution  of  NaN02  previous  to 
using,  and  were  able  in  this  way  to  reduce  the  effect  to  0.3  cc. 
of  residual  gas.  If  the  alcohol,  treated  in  this  manner,  was  run 
in  with  the  reagents  and  shaken  with  them  during  the  removal 
of  the  air  from  the  apparatus,  instead  of  being  run  in  with  the 
sample  as  is  customary,  the  effect  could  be  reduced  still  further. 
Unfortunately,  however,  this  preliminary  treatment  of  the  alco- 
hol seemed  to  deprive  it  largely  if  not  entirely  of  its  foam-inhibit- 
ing character  and  therefore  cannot  be  recommended.  These  ex- 
periments are  interesting  in  showing  that  the  vitiating  effect  of 
these  caprylic  alcohol  preparations  on  the  determination  occurs 

*  This  amount  of  foam  inhibitor  is  of  course  excessive  in  routine  work. 

*  Lee,  O.  I.,  St.  Luke's  Hosp.  Med.  and  Surg.  Rep.,  1917,  iv;  abstracted 
in  Chem,  Abst.,  1917,  xi,  2808,  3027. 
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as  the  result  of  interactions  with  the  reagents  in  the  decomposition 
chamber  of  the  apparatus. 

We  have  been  able  to  confirm  the  conclusion  of  Van  Slyke  that 
amyl  alcohol  also  increases  the  gas  volumes  in  amino  nitrogen  de- 
terminations, though  its  effect  on  the  blank  is  negUgible.  The 
excess  gas  due  to  the  amyl  alcohol  seems  to  be  roughly  propor- 
tional to  the  amount  of  amino  nitrogen  in  the  sample. 

Lee's  work*  on  foam  inhibitors  for  the  urease  method  of  deter- 
mining urea,  in  which  the  solutions  are  subjected  to  rapid  aera- 
tion for  the  removal  of  the  anmionia  formed,  lead  him  to  recom- 
mend a  mixture  of  70  per  cent  phenyl  ether  and  30  per  cent  amyl 
alcohol.  He  claims  that  this  mixtm-e  is  more  effective  than  either 
substance  alone  or  than  caprylic  alcohol.  We  have  tried  this 
mixture  of  Lee's  in  the  Van  Slyke  method,  only  to  find  that  an 
effect  was  produced  on  the  gas  volumes  obtained  in  the  course  of 
actual  determinations,  though  no  effect  on  the  blank  could  be 
detected.  Phenyl  ether  alone,  however,  "proved  to  be  without 
effect,  as  the  following  experiments  indicate. 

10  cc.  of  an  asparagine  solution  produced  in  two  determinations  16.70 
and  16.80  cc.  of  gas.  With  0.2  cc.  of  phenyl  ether  and  10  cc.  of  this  solu- 
tion,  two  other  determinations  under  the  same  conditions  of  temperature 
and  pressure  gave  16.69  and  16.72  cc.  of  gas.  Two  other  determinations  in 
which  the  phenyl  ether  was  replaced  by  Lee's  foam-inhibiting  mixture  gave 
17.18  and  17.19  cc.  of  gas.  Evidently  this  eflfect  is  produced  by  the  amy! 
alcohol. 

In  another  experiment  a  solution  of  Kahlbaum's  leucine  was  used.  10 
cc.  portions  of  this  solution  gave  9.70  and  9.73  cc.  of  gas  in  two  determina- 
tions in  which  no  foam  inhibitor  was  used.  With  0.2  cc.  of  phenyl  ether, 
two  more  determinations  under  the  same  conditions  gave  9.75  and  9.73 
cc.  of  gas. 

Phenyl  ether  thus  appears  to  have  no  effect  on  the  volume  of 
gas  produced  in  a  Van  Slyke  determination,  even  when  present 
in  excess.  Furthermore,  according  to  our  experience  it  is  a  very 
effective  foam  inhibitor,  more  effective  than  either  amyl  or  second- 
ary caprylic  alcohol.  Certain  solutions  that  have  foamed  ex- 
cessively with  amyl  alcohol  added  in  amounts  as  large  as  0.5  cc, 
during  a  Van  Slyke  determination,  can  now  be  analyzed  with  the 
addition  of  only  two  drops  of  phenyl  ether,  with  very  little  if 
any  foaming,  even  when  the  apparatus  is  shaken  over  300  times 
per  minute. 
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Besides  being  an  effective  foam  inhibitor  with  no  detrimental 
effects,  phenyl  ether  may  be  reconmiended  for  this  purpose  be- 
cause it  can  be  readily  synthesized  at  comparatively  low  cost. 
We  have  used  the  method  of  Ullmann  and  SponageP  with  satis- 
factory results. 

A  convenient  procedure  is  as  follows :  Into  a  1 .5  liter  round-bottomed  flask 
are  weighed  560  gm.  of  bromobenzene,  420  gm.  of  phenol,  221  gm.  of  KOH, 
and  3.5  gm.  of  copper-bronze.  This  mixture  is  heated  on  an  oil  bath  at  210 
-230'*C.  for  about  2.5  hours  imder  a  reflux  condenser.  We  have  used  as 
a  condenser  a  30  inch  glass  tube  of  }  inch  bore,  topped  by  a  water  condenser 
of  equal  length.  Even  with  this  arrangement  it  is  difficult  if  not  impossible 
to  prevent  some  loss  of  bromobenzene,  especially  during  the  early  stages 
of  heating.  The  mixture  is  then  distilled  with  steam.  The  distillate  is 
separated  in  a  separatory  funnel  and  the  heavy  oil  at  the  bottom  fraction- 
ally distilled.  The  boiling  point  of  phenyl  ether  is  252.3''C.  We  have 
taken  off  fractions  from  244-261  "C.  for  use. 

The  yield  may  be  increased  greatly,  at  least  if  the  steam  distillation  has 
not  been  carried  to  completion/  by  extracting  the  residue  from  the  steam 
distillation,  in  small  portions,  with  ether,  three  washings  for  each  portion 
being  sufficient.  The  ether  extracts  are  then  distilled.  A  careful  and  re- 
peated fractionation  of  the  oil  from  the  steam  distillation  and  of  the  mate- 
rial extracted  by  ether  from  the  residue  is  advantageous.  After  several 
fractionations  it  will  be  found  that  most  of  the  material  falls  into  two  frac- 
tions; namely,  from  150-168^  and  from  244-261**C.,  the  former  fraction 
being  bromobenzene  and  the  latter  phenyl  ether.  From  the  quantities  of 
chemicals  given  above,  we  have  obtained  287  gm.  of  phenyl  ether,  repre- 
senting a  jdeld  of  47.5  per  cent  of  the  theoretical,  figured  on  the  basis  of 
560  gm.  of  bromobenzene,  or  of  73  per  cent  when  from  the  amount  of  bromo- 
benzene taken  that  recovered  in  the  final  fractional  distillation  (200  gm., 
boiling  from  150-168**)  is  deducted.  The  relatively  large  amount  of  bromo- 
benzene thus  recovered  would  suggest  that  the  time  of  refluxing  at  210- 
230^  could  be  lengthened  considerably  to  advantage. 

Phenyl  ether  melts  at  28°C.,  but  when  in  the  liquid  state  it 
may  be  supercooled  considerably  without  soHdifying.  We  have 
observed  no  solidification  of  our  product  at  temperatures  above 
20^C. 

'  Ullmann,  F.,  and  Sponagel,  P.,  Ber.  chem.  Ges.y  1905,  xxxviii,  2211. 

*  Complete  steam  distillation  of  the  above  mixture  would  consume  too 
much  time.  We  continued  the  process  for  about  4  hours,  at  which  time  the 
condensed  water  was  still  somewhat  cloudy.  Our  experience  suggests  that 
the  ste&m  distillation  may  well  be  omitted  and  the  product  recovered  from 
the  mixture  after  refluxing,  by  ether  extraction  entirely. 
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STUDIES  OF  THE  BLOOD  FAT  AND  LIPOIDS  OF  THE 

DOG  BEFORE  AND  AFTER  THE  PRODUCTION 

OF  EXPERIMENTAL  ANEMIA. 

By  harry  DUBIN. 

(From  the  John  Herr  Musaer  Department  of  Research  Medicine ,  University 
of  Pennsylvania^  Philadelphia,) 

(Received  for  publication,  January  6,  1918.) 

By  the  use  of  the  nephelometric  and  coloriraetric  methods  of 
Bloor/  blood  fats  have  been  estimated  in  one  dog  and  the  results 
show  that  in  trypanosome  anemia,  the  total  fats  are  increased 
while  the  lecithin  and  cholesterol  are  decreased.  These  results 
are  in  accord  with  the  findings  of  Bloor^  in  pernicious  anemia 
associated  with  carcinoma  of  the  stomach. 

Pais  and  Lipoids  of  Dog's  Blood  before  and  after  Infection  with  Trypanosoma 

equiperdum. 


Date. 

Total  fat. 

Lecithin. 

Cholesterol. 

P«riod. 

Remarks. 

ii 

i 

ii 

s 

^ 

fc 

S 

PU 

^ 

a. 

1917 

am.* 

am. 

gm. 

gm. 

gm. 

gm. 

Normal. 

Apr.  26 

0.55 

0.56 

0.43 

0.40 

0.25 

0.30 

Apr.  24,  hemoglo- 
bin, 99. 

"     28 

0.52 

0.53 

0.40 

0.41 

0.29 

0.26 

"     30 

0.50 

0.52 

0.45 

0.32 

0.25 

0.27 

May   2 

0.53 

0.57 

0.37 

0.35 

0.22 

0.27 

Infected  May  4. 

Anemic. 

May  16 

0.68 

0.69 

0.38 

0.30 

0.22 

0.19 

May   18,  hemo- 
globin, 56. 

"     18 

0.70 

0.75 

0.29 

0.27 

0.20 

0.23 

"     22 

0.71 

0.78 

0.31 

0.25 

0.14 

0.12 

All  figures  represent  gm.  per  100  cc.  of  blood. 


»  Bloor,  W.  R.,  Studies  on  blood  fat.  II.  Fat  absorption  and  the  blood 
lipoids,  J,  Biol.  Chem,,  1915,  xxiii,  317;  The  determination  of  cholesterol  in 
blood,  1916,  xxiv,  227;  Fat  assimilation,  xxiv,  447. 

*  Bloor,  The  distribution  of  the  lipoids  (*'fat")  in  human  blood.  J. 
Biol.  Chem.,  1916.  xxv.  577. 
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ANIMAL  CALORIMETRY. 

THE  INFLUBNCB  OF  MECHANICAL  WORK  UPON  PROTEIN 

METABOLISM  DURING  THE  HEIGHT  OF  MEAT 

DIGESTION   IN  THE  DOG. 

Fourteenth  Paper. 

By  H.  V.  ATKINSON. 

{From  the  Physiological  Laboraloryf  Cornell  University  Medic(U  College, 

New  York  City.) 

(Received  for  publication,  January  16,  1918.) 

In  the  last  paper  of  this  series*  the  heat  production  of  a  dog 
was  measured,  while  he  was  running,  during  the  4th  and  5th 
hours  after  the  ingestion  of  750  gm.  of  meat.  As  the  dog  would 
not  retain  urine  during  a  period  of  exercise,  it  was  necessary  to 
assume,  in  making  the  calculations  of  the  metabolism  of  the 
period,  that  the  protein  metabolism  was  the  same  as  that  which 
obtained  in  the  same  dog  at  rest  after  giving  the  same  quantity 
of  meat.  However,  this  assumption  might  have  been  false 
because,  on  the  one  hand,  the  largely  increased  general  blood 
flow  might  have  furnished  the  gut  with  a  notably  increased 
volume  of  blood,  thereby  accelerating  the  absorption  of  amino- 
acids,  or,  on  the  other  hand,  one  might  conceive  that  the  demands 
of  the  working  muscles  for  blood  might  so  decrease  the  supply 
of  blood  available  for  the  intestines  that  a  marked  retardation  in 
the  absorption  process  might  have  ensued. 

A  fox-terrier  female  weighing  about  10.5  kilos  was  found  to  be 
willing  to  eat  at  most  600  gm.  of  meat  daily  at  one  meal,  and 
upon  this  quantity  the  animal  was  maintained  throughout  the 
experiment.  As  it  was  found  that  the  animal  would  not  hold 
urine  while  running  on  the  treadmill  for  a  period  of  1  hour,  the 
period  of  active  exercise  was  reduced  to  half  an  hour,  though  the 
urine  was  collected  for  the  whole  hour. 

A  preliminary  series  of  experiments  showed  that  the  maximal 
quantity  of  urinary  nitrogen  was  eliminated  during  the  5th  hour 
after  administering  meat,  as  appears  in  the  following  table. 

*  Anderson,  R.  J.,  and  Lusk,  G.,  Animal  calorimetry,  XIII,  /.  BioL 
Chem.,  1917,  xxxii,  421. 
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TABLE  I. 

The  Hourly  Elimination  of^  Nitrogen  during  the  4th,  6th,  and  6th  Hmrn 
after  Administering  600  Om.  of  Meat  to  a  Resting  Dog, 


Date. 

N  in  urine  per  hr. 

4th  hr. 

5th  hr. 

6th  hr. 

Oct.     4,  1917 

gm. 
1.00 
1.01 
1.06 
1.01 
1.07 
1.05 

gm. 

1.08 

1.04 

1.11 

1.13 

1.05 

1.07 

1.05 

"        5      "    

1.06 

"     13     "    

1.11 

"     14     "    

1.02 

Dec.  29     "    

1.08 

Jan.    2,  1918 

1.09 

Average 

1.04 

1.08 

1.07 

The  dog  was  then  caused  to  run  on  the  treadmill  for  30  minutes 
in  four  experiments  during  the  beginning  of  the  5th  hour,  and 
then  in  two  later  experiments  during  the  end  of  the  5th  hour. 
The  following  results  were  obtained. 

TABLE  n. 

The  Influence  of  a  Run  of  Half  an  Hour  during  the  6th  Hour  after  the 

Administration  of  600  Gm.  of  Meat  upon  the  Nitrogen  Elimination 

of  That  Hour  Contrasted  with  That  of  the  Previous  and 

Subsequent  Hours  When  No  Work  Was  Done. 


Dnte. 

N  in  urine  per  hr. 

4th  hr. 

5th  hr. 

6th  hr. 

Oct.  25.  1917 

gm. 
1.07 
1  02 
1.09 

1.05 
1  06 
1.04 

gm. 

1.09* 

lost 

1.12t 
1.06t 
l.OTt 
l.OSf 

gm. 

Nov.  3     "    

1.06 

"       6     "    

1.11 

"       8     "    

1.04 

Dec.  31      "    

1.08 

Jan.    3,  1918 

1.10 

Average 

1.05 

1.07 

1.07 

'  ♦Distance  traveled,  2,090  meters  =  1.30  miles, 
t  Distance  traveled,  2,125  meters  =*  1.32  miles. 

It  is  clear,  on  comparison  of  Tables  I  and  II,  that  mechanical 
work  has  no  influence  on  the  hourly  rate  of  absorption  of  protein 
or  on  the  intensity  of  the  hourly  metabolism  of  protein  in  a  dog 
which  has  been  given  meat  in  large  quantity. 
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NOTES  ON  THE  DIRECT  DETERMINATION  OF  UREA 
AND  AMMONIA  IN  PLACENTA  TISSUE. 

By  FREDERICK  S.  HAMMETT. 
{From  the  Department  of  Anatomy  of  Harvard  Medical  School^  Boston.) 

(Received  for  publication,  January  14,  1918.) 
INTRODUCTION. 

Certain  questions  as  to  method  of  analysis  have  come  up  dur- 
ing the  course  of  some  work  on  a  study  of  the  urea  content  of 
placenta  tissue.  From  the  point  of  view  of  routine  work  the 
method  of  Sunmer  (1)  comes  nearest  to  the  analytical  ideal  of 
combined  accuracy,  speed,  and  minimum  of  manipulation.  In- 
asmuch as  the  results  herein  reported  have  been  obtained  by 
following  his  procedure  no  recapitulation  is  necessary,  any  altera- 
tions -being  considered  in  detail  in  the  text. 

Urease. 

The  application  of  the  urea-splitting  enz3rme  of  the  soy  bean,  discov- 
ered by  Tacheuchi  (2)  and  intensively  studied  by  Van  Slyke  and  Cullen 
(3,  4),  to  the  detenniniation  of  urea  in  blood  and  tissues  was  first  made  by 
Marshall  (5).  I  have  used,  however,  an  extract,  prepared  in  Folin's  lab- 
oratory, of  the  jack  bean  whose  urease  content  was  recorded  by  Mateer 
and  Marshall  (6,  7).    This  extract  has  proved  satisfactory  in  every  way. 

Potassium  Carbonate. 

Fiske  (8)  and  Van  Slyke  and  Cullen  (3)  advocate  the  use  of  highly  con- 
centrated solutions  of  potassium  carbonate  for  the  liberation  of  ammonia. 
It  is  more  advantageous,  however,  with  placenta  tissue  to  use  the  solid 
salt,  inasmuch  as  the  volume  of  the  contents  of  the  test-tube  is  already 
large  due  to  the  water  used  in  rinsing  down  and  suspending  the  pulped 
tissue.  Considerable  variations  in  the  quantity  employed  are  recorded 
in  the  literature  ranging  from  5  (1)  to  12  (9)  gm.  of  solid  carbonate.  Van 
Slyke  and  Cullen  (3)  determined  that  the  use  of  less  than  1  gm.  of  car- 
bonate for  each  2  cc.  of  solution  necessitates  a  longer  aeration. 

I  have  found  that  5  gm.  of  solid  carbonate  is  amply  sufficient 
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to  cause  complete  liberation  of  the  ammonia  from  as  much  as 
20  CO.  of  solution  when  aerated  vigorously  for  30  minutes.  In 
view  of  the  increasing  difficulty  in  obtaining  potassium  salts  as 
well  as  their  increasing  cost  and  the  necessity  for  conservation, 
minimal  amounts  consistent  with  adequate  action  are  indicated. 
Table  I  shows  the  results  of  a  series  of  comparative  tests  when 
using  5  and  10  gm.  of  solid  carbonate,  other  conditions  being  equal. 
In  view  of  the  fact  that  large  variations  in  the  amounts  of  NH| 
in  the  tissue  suspensions  might  cause  appreciable  variations  in 
the  efficiency  of  the  amounts  of  carbonate  used,  advantage  was 

TABLE  I. 

Relative  Quantity  of  NHt  Liberated  from  Placenta  Tissue  Suspensions  in  IS 

Cc,  of  Solution  When  Using  5  and  10  Gm,  of  K^COt  and  Strong 

Aeration  for  SO  Minutes. 

NHi  in  100  gm.  of  placenta  tissue. 


5  pa.  KsCOi. 

10  cm.  KsCX)i. 

mg. 

mo. 

22.8 

23.0 

16.3 

15.8 

13.9 

14.4 

12.3 

11.9 

11.4 

11.6 

7.6 

7.6 

4.9 

4.8 

4.8 

4.6 

4.7 

4.7 

taken  of  the  NHs-forming  abiUty  of  urease  to  produce  in  some  of 
the  suspensions  higher  NHs  values.  Accordingly,  some  of  the 
figures  represent  not  .only  the  ammonia  as  such  of  the  tissue, 
but  also  the  ammonia  liberated  from  the  urea. 

It  is  quite  plain  that  5  gm.  of  potassium  carbonate  is  a  sufficient 
quantity  for  general  use. 

Time  and  Vigor  in  Aeration. 

If  two  samples  of  the  same  tissue  differing  in  weight  are  aerated 
slowly  for  2  minutes  and  then  vigorously  at  the  rate  of  5  liters  a 
minute  for  the  remainder  of  30  minutes,  the  amount  of  ammonia 
blown  over  is  proportional  to  the  amount  of  tissue  taken  for 
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analysis.  This  lends  additional  support  to  the  contention  of 
Van  Slyke  and  Cullen  (3)  that  longer  periods  of  aeration  aa  ad- 
vanced by  Fiske  (8)  and  others  are  unnecessary.  Table  II  gives 
a  few  of  the  results  demonstrating  this  point. 

Repeated  tests  have  been  unable  to  demonstrate  the  carrying 
Qver  into  the  receiving  flask  of  any  alkaline  spray  from  the 
aerated  mixture  mentioned  by  Sumner  (1)  as  a  reason  for  dimin- 
ished vigor  in  aeration.  A  comparison  of  the  traps  used  by  Sum- 
ner and  those  of  this  laboratory  shows  a  markedly  higher  effi- 

TABLE  II. 

NHi  Recovered  from  Varying  Amounts  of  Placenta  Tissue  When  Uniformly 
Aerated  for  SO  Minutes, 


Specimen  No. 

Weichtoftiaaue. 

100  Gm.  of  tissue. 

0.01  N  NHi 

0.01  s  HCl 

NH« 

ffm. 

ee. 

ee. 

mg. 

10 

9.96 

8.60 

10 

2.4 

7.17 

8.97 

10 

2.4 

46 

6.65 

8.40 

10 

4.1 

6.12 

8.76 

10 

4.1 

29 

7.29 

6.00 

10 

9.3 

5.97 

6.71 

10 

9.4 

46a 

7.13 

5.80 

20 

33.8 

4.45 

11.12 

20 

33.9 

ciency  in  this  respect  for  the  latter.  Foaming  is  easily  prevented 
in  the  aerated  mixture  by  the  addition  of  1  cc.  of  a  solution  con- 
taining equal  parts  of  amyl  alcohol,  toluene,  and  ethyl  alcohol. 
The  use  of  long-necked  100  cc.  flasks  prevents  loss  by  spattering, 
and  the  foaming  in  these  containers  is  reduced  to  a  minimum  by 
the  addition  of  a  few  drops  of  the  above  mixture  from  time  to  time. 

Factors  Influencing  the  Ammonia  Fraction  in  the  Urea 
Determination. 

The  quantity  of  urea  in  any  given  sample  is  usually  determined 
by  the  difference  between  the  ammonia  already  present  and  the 
total  ammonia  blown  over  after  the  action  of  urease.     Having 
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standardized  conditions  of  aeration,  enz3rme  action,  and  quantity 
of  carbonate  used,  the  changes  in  the  anunonia  content  of  the 
tissue  during  standing  while  undergoing  fermentation  introduce 
a  considerable  error. 

Folin  and  Denis  (10)  early  pointed  out  that  the  ammonia  content  of 
drawn  blood  increased  if  the  sample  was  allowed  to  stand.  Although 
Mateer  and  Marshall  (6)  have  definitely  directed  that  in  the  determina- 
tion of  urea  by  the  urease  method  ammonia  determinations  need  to  be 
made  simultaneously  and  similarly,  only  excluding  the  urease  prepara- 
tion, various  published  reports  have  failed  to  mention  or  consider  am- 
monia determinations;  Slemons  and  Morriss  (11)  have  even  gone  so  far 
as  to  st^te  that  such  analyses  yield  insignificant  results. 

TABLE  III. 

Increase  in  the  Quantity  of  NHi  Recoverable  from  Placenta  Tissue  after 
Standing  Half  an  Hour. 

NHa  in  100  gm.  of  tiiwue. 


Immediate. 

After  J  hr. 

mg. 

mg. 

6.5 

7.4 

5.9 

6.8 

2.3 

2.9 

3.0 

4.1 

1.7 

2.8 

1.2 

1.9 

In  order  to  determine  whether  or  not  there  was  any  marked 
diflference  between  the  ammonia  obtained  by  immediate  aeration 
and  that  given  off  from  the  placenta  tissue  after  it  had  stood  for 
^  hour  in  suspension  in  the  test-tube,  a  series  of  tests  was  made, 
the  results  of  which  are  found  in  Table  III. 

It  is  evident  that  increases  in  the  ammonia  content  of  the  tissues 
ranging  from  14  to  85  per  cent  may  occur,  which  alone  indicates 
the  necessity  of  allowing  the  tissue  from  which  the  ammonia 
values  are  to  be  determined,  as  a  basis  of  the  analysis  for  urea, 
to  stand  under  similar  conditions  as  do  those  samples  in  which 
the  urea  is  undergoing  splitting  by  the  urease. 

The  results  reported  in  this  work  are  based  on  parallel  deter- 
minations and  have  an  average  variation  of  2  per  cent. 
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SUMMARY. 

1.  In  the  determination  of  ammonia  or  urea  in  placenta  tissue 
the  use  of  solid  potassium  carbonate  offers  opportunity  to  main- 
tain a  minimum  volimie  of  the  aerated  mixture. 

2.  5  gm.  of  the  solid  potassiimi  carbonate  are  sufficiently  effec- 
tive in  liberating  the  ammonia  present  in  amounts  of  tissue  rang- 
ing from  4  to  10  gm.  and  suspended  in  10  to  15  cc.  of  water. 

3.  2  minutes  of  mild  aeration  followed  by  28  of  vigorous  pas- 
sage of  air  completely  drives  over  all  the  anmionia  present  in  the 
amounts  of  tissue  ordinarily  used  for  analysis. 

4.  The  use  of  a  mixture  of  equal  parts  of  amyl  alcohol,  toluene, 
and  ethyl  alcohol  prevents  foaming  in  test-tube  and  flask. 

5.  The  ammonia  content  of  tissue  increases  during  standing  for 
§  hour. 

6.  In  the  direct  determination  of  urea  in  tissues  by  means  of 
the  urease  method  it  is  imperative  that  simultaneous  analyses 
be  made  for  the  anmionia  fraction.  The  tissue  samples  from 
which  the  anmionia  values  are  to  be  obtained  must  be  allowed  to 
digest  for  the  same  length  of  time  and  under  the  same  conditions 
as  do  those  specimens  from  which  the  urea  is  determined. 

Through  the  courtesy  of  Professor  Otto  Folin  the  work  re- 
ported in  this  paper  was  carried  on  in  the  Biochemical  Labora- 
tories of  the  Harvard  Medical  School. 

BIBLIOGRAPHY. 

1.  Sumner,  J.  B.,  J.  Biol.  Chem.,  1916,  xxvii,  95. 

2.  Tacheuchi,  J.  Coll.  Agric,  Tokyo,  1909,  i,  1. 

3.  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  J.  Biol.  Chem.,  1914,  xix,  211. 

4.  Van  Slyke  and  Cullen,  J.  Biol.  Chem.,  1916,  xxiv,  117. 

5.  Marshall,  E.  K.,  Jr.,  J.  Biol.  Chem.,  1913,  xv,  487. 

6.  Mateer,  J.  G.,  and  Marshall,  E.  K.,  Jr.,  J.  Bioi.  Chem.,  1916,  xxiv,  p. 

XXX. 

7.  Mateer  and  Marshall,  J.  Biol.  Chem.,  1916,  xxv,  297. 

8.  Fiske,  C.  H.,  J.  Biol.  Chem.,  1915,  xxiii,  455. 

9.  Hoagland,  R.,  and  Mansfield,  G.  M.,  J.  Biol.  Chem.,  1917,  xxxi,  487.. 

10,  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1912,  xi,  527. 

11.  Siemens,  J.  M.,  and  Morriss,  W.  H.,  Bull.  Johns  Hopkins  Hosp.,  1916, 

xxvii.  343. 


Digitized  by 


Google 


Digitized  by 


Google 


COMPARISON  OF  THE  GLUCOSE  AND  CHOLESTEROL 
CONTENT  OF  THE  BLOOD. 

By  F.  H.  McCRUDDEN  and  C.  S,  SARGENT. 
{From  the  Robert  B.  Brigham  Hospital,  Boston.) 

(Received  for  publication,  January  4,  1918.) 

The  association  of  hyperglycemia  and  hypercholesterolemia  in 
diabetes^'*  and  of  hypoglycemia  and  hypocholesterolemia  in  pro- 
gressive muscular  dystrophy,'*  pointing  to  some  kind  of  phys- 
iological relationship  between  glucose  and  cholesterol,  suggested 
that  there  might  be  a  parallelism  between  the  amoimts  of  the  two 
substances  in  the  blood.  But  this  appears  not  to  be  the  case 
(Table  I  and  Chart  1). 

Glucose  was  determined  by  the  method  of  Lewis  and  Benedict,*  and 
cholesterol  by  the  method  of  Autenrieth  and  Funk.*  Analyses  were  made 
in  duplicate  or  triplicate. 

»  Bloor,  W.,  The  lipoids  (**fat")  of  the  blood  in  diabetes,  J.  Biol,  Chem,, 
1916,  xxvi,  417. 

« Joslin,  E.  P.,  Bloor,  W.  R.,  and  Gray,  H.,  The  blood  lipoids  in  diabetes, 
J.  Am.  Med,  A««n.,  1917,  Ixix,  375. 

•McCrudden,  F.  H.,  and  Sargent,  C.  S.,  Hypoglycemia  and  progres- 
sive mxiscular  dystrophy.  Arch,  Int.  Med.,  1916,  xvii,  465. 

*  McCrudden  and  Sargent,  Chemical  changes  in  the  blood  and  urine  in 
progressive  mxiscular  dystrophy,  progressive  muscular  atrophy,  and 
myasthenia  gravis.  Arch.  Int.  Med.,  1918,  xxi,  252. 

» Lewis  and  Benedict's  method  (J,  Biol,  Chem,,  1915,  xx,  61)  as  modi- 
fied^y  Myers  and  Fine  (Myers,  V.  C,  and  Fine,  M.  S.,  Chemical  Compo- 
sition of  the  Blood  in  Health  and  Disease,  New  York,  1915.) 

•  Authenrieth,  W.,  and  Funk,  A.,  Ueber  kolorimetrische  Bestimmungs- 
methoden:  die  Bestimmimg  des  Gesamtcholesterins  im  Blute  und  in 
Organen,  MUnch,  med,  Woch,.  1913.  Ix,  1243. 
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TABLE  I. 


Case. 


Ccmdition. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


ChroDic  arthritis 

Paralysis  agitans 

Chronic  arthritis , 

Psoriasis 

Pernicious  vomiting 

Chronic  arthritis 

Bone  tuberculosis 

Chronic  arthritis 

«  « 

Normal 

Chronic  arthritis 

Normal 

Chronic  arthritis 

Multiple  sclerosis 

Arteriosclerosis 

Chronic  nephritis 

"         arthritis 

"         endocarditis 

"         arthritis 

Normal 

Chronic  arthritis 

"         nephritis 

Paralysis  agitans 

Chronic  arthritis 

"         nephritis 

Lues 

Progressive  muscular  atrophy 
Chronic  nephritis 


Gluoose. 


mc.  per  1  gm. 
0.086 
0.0862 
0.088 
0.088 
0.088 
0.0896 
0.090 
0.092 
0.098 
0.100 
0.101 
0.103 
0.104 
0.106 
0.106 
0.109 
0.111 
0.115 
0.117 
0.120 
0.120 
0.123 
0.123 
0.124 
0.125 
0.127 
0.128 
0.129 
0.131 
0.133 
0.137 
0.145 
0.147 
0.140 
0.179 
0.204 


Cholesterol. 


1.32 
1.50 
1.45 
2.01 
2.09 
1.45 
1.53 
2.22 
1.41 
2.07 
1.43 
1.94 
1.55 
1.69 
1.88 
2.09 
2.11 
1.70 
2.26 
1.53 
1.54 
1.59 
2.30 
1.57 
1.55 
1.69 
1.29 
1.71 
1.45 
1.17 
2.01 
2.35 
1.9Q 
1.71 
1.70 
1.75 


Digitized  by 


Google 


F.  H.  McCrudden  and  C.  S.  Sargent         389 


Chart  1.  The  crosses  connected  by  a  full  line  show  the  glucose  con- 
tent in  per  cent  of  the  blood  of  thirty-four  patients  (arranged  in  order  of 
magnitude). 

The  circles  connected  by  a  broken  line  show  the  cholesterol  content  of 
the  blood,  also  in  per  cent,  in  the  same  cases. 
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THE  ANALYSIS  OF  MILE   SECRETED  BY  A  SUCKLING 

DOE  KID. 

By  R.  L.  hill. 

{From  the  Department  of  Biochemistry  of  the  Maryland  Agricultural  Experi- 
ment  Station,  College  Park.) 

(Received  for  publication,  January  18,  1918.) 

The  literature  written  on  the  secretion  of  colostrum  contains 
various  theories  advanced  to  account  for  the  appearance  of  colos- 
trum instead  of  normal  milk  immediately  following  parturition. 
Some  authorities  beUeve  that  imperfect  functional  activity  of 
the  mammary  glands  at  this  time  is  responsible  for  the  secretion 
of  a  fluid  so  different  in  composition  and  consistency  from  nor- 
mal milk.  Still  others  are  of  the  opinion  that  the  newly  born 
require  a  food  of  the  nature  of  colostrum  for  the  first  few  feed- 
ings before  they  receive  milk;  that  the  colostrum  was  provided 
by  nature  to  compensate  for  this  need. 

In  the  newly  bom  there  is  sometimes  a  secretion  from  the 
manmiary  glands  known  as  **  witches  milk."  This  fluid  has  a 
quaUtative  resemblance  to  milk  but  differs  widely  quantitatively 
from  normal  milk.  It  is  often  secreted  at  birth  but  disappears 
soon  afterward.  There  have  been  instances  in  which  young  ani- 
mals have  been  reported  as  secreting  milk  usually  as  a  result  of 
mechanical  manipulation  of  the  udder  or  by  being  suckled. 
Whether  the  first  milk  so  secreted  was  normal  milk,  colostrum, 
or  of  the  nature  of  "witches  milk"  is  not,  to  my  knowledge, 
recorded. 

On  May  2,  1917,  a  one-half  breed  Saanen  milk  goat  at  this 
Station  was  deUvered  of  twin  doe  kids.  One  kid  was  sold  when 
about  3  months  old.  The  other  kid  appeared  perfectly  normal 
but  was  observed  to  have  an  exceptionally  well  developed  udder 
when  about  only  2  months  old.  Its  udder  was  not  manipulated, 
suckled,  or  treated  in  any  way  to  stimulate  its  development. 
When  4  months  and  4  days  old,  on  September  6,  1917,  its  udder 
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had  the  appearance  of  containing  milk.  Upon  examination  it 
was  found  to  contain  milk,  which  was  withdrawn  and  analyzed. 
A  yield  of  120  cc.  was  obtained  and  proved  to  be  perfectly  nor- 
mal milk,  as  is  shown  in  the  table.  Since  this  secretion  was  of  a 
spontaneous  nature  and  had  not  been  initiated  by  any  applied 
stimulus  it  was  decided  to  remove  the  milk  at  intervals  several 
days  apart  in  order  to  avoid  any  mechanical  stimulation  due  to 
repeated  milkings.  From  the  following  table  the  normal  char- 
acter of  all  the  milk  secreted  can  be  clearly  seen. 


Chemical  Analyses  of  Milk  from  a 

Virgin  Kid, 

Date. 

Fat. 

Protein. 

Ash. 

Total 

SOlidB. 

Sivar- 

Milk. 

Remarks. 

1917 

Sept.    6 

• 

"       15 

"       22,  23,  24. 

"       29 

Oct.      3 

5 

"       13 

"      29 

Nov.  11 

"      21 

"      29 

Dec.     2 

"       11 

"       17 

per 
cent 

4.20 

4.40 
4.32 
4.78 
4.52 
5.60 
5.41 
4.82 

4.17 
4.70 

per  cent 

3.60 

3.58 
3.53 
3  36 
3.32 
3.43 
3.51 

3.94 
4.08 

per  cent 
0.84 

0.82 
0.84 
0.81 
0.75 
0.80 

0.78 
0.80 

per  ctfU 

13.32 

13.44 
13.22 
13.52 
13.56 
14.20 

13.09 
13.87 

per  cent 

4.68 

4.61 
4.53 
4.57 
4.97 

4.37 



4.20 
4.29 

ec. 

110 
90 

90 
110 

75 
130 
185 
240 
295 
175 
100 
175 
125 

Kid,  4  mos.,  4  days 
old. 

Composite. 

The  physical  character  of  the  milk  is  practically  the  same  as 
normal  goat's  milk.  The  curd  obtained  by  the  use  of  rennin  or 
pepsin  is,  however,  much  finer  and  softer  than  that  obtained  from 
any  other  of  the  goat's  milk  examined.  The  milk  was  substituted 
in  the  diet  of  an  11  months'  old  baby  for  normal  goat's  milk  with- 
out any  detectable  difference  either  in  the  appetite  or  physical 
condition  of  the  baby.  The  milk  cannot  be  distinguished  by  odor 
or  flavor  from  any  other  sample  of  goat's  milk.  It  has  a  very  low 
bacterial  content  and  keeps  for  an  exceptionally  long  period.  The 
relative  percentage  of  casein  and  albumin  is  practically  identical 
with  normal  goat's  milk.     The  work  is  being  continued,  and  any 
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changes  in  the  composition  or  character  of  the  milk  will  be  noted 
as  they  appear. 

SUMMARY  AND   CONCLUSIONS. 

A  4  months'  old  virgin  doe  kid  spontaneously  conmienced  to 
secrete  milk  having  all  the  characteristics,  properties,  and  chemi- 
cal composition  of  the  milk  secreted  by  its  mother  and  other  goats 
under  observation.  At  no  time,  from  the  earUest  secretion  of 
milk  to  the  present  time,  has  there  been  any  colostrmn  secreted. 
This  would  indicate  that  the  secretion  of  colostrum  is  associated 
with  and  possibly  is  produced  by  the  cessation  of  pregnancy  and 
may  not  occur  in  lactation  not  associated  with  pregnancy. 
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THE  CATALASE  CONTENT  OF  ASCARIS  SXTOM,*  WITH  A 

SUGGESTION  AS  TO  ITS  r6lE  IN  PROTECTING 

PARASITES    AGAINST  THE  DIGESTIVE 

ENZYMES  OF  THEIR  HOSTS. 

By  THOMAS  BYRD  MAGATH. 

(From  the  Department  of  Anatomy,  College  of  Medicine,  University  of  Illinois^ 

Chicago,) 

(Received  for  publication,  January  8,  1918.) 

Many  explanations  have  been  offered  as  to  why  gastric  and  intestinal 
parasites  are  not  digested  by  their  hosts.  A  brief  survey  and  discussion' 
of  many  theories  can  be  found  in  text-books  on  physiology,  for  this  ques- 
tion resolves  itself  into  the  time-worn  query,  Why  is  living  tissue  not 
digested?  The  theory  which  has  perhaps  gained  most  attention  is  that 
anliferments  or  antienzymes  protect  living  matter,  and  this  theory  ha9 
been  used  by  Weinland  (1903)  to  explain  the  resistance  of  intestinal  para- 
sites to  the  destructive  influence  of  digestive  enzymes.  Upon  rubbing  up 
Ascarie  into  a  pulp  and  extracting  with  alcohol  he  obtained  a  substance 
which  he  termed  Antifermente  because  he  claimed  that  this  substance 
protected  the  proteins  from  the  proteolytic  action  of  pepsin  and  trypsin. 
On  the  basis  of  his  own  interpretation  this  theory  was  open  to  criticism 
because  he  had  to  kill  the  worms  to  obtain  the  substance,  and  it  was  argued 
that  if  the  antiferment  existed  after  death  it  should  protect  the  dead  worms 
as  well  as  the  living.  More  recent  work  on  the  antienzymes  has  offered 
very  good  explanations  for  these  phenomena,  but  it  is  not  the  intention 
to  discuss  these  intricate  facts. 

In  recent  times  Burge  and  Burge  (1915,  a)  have  advanced  another 
theory  which  might  be  termed  an  ** oxidation  theory,"  and  they  have 
used  this  not  only  to  explain  the  resistance  of  intestinal  parasites  to  the 
digestive  action  of  their  hosts,  but  maintain  that  living  cells  protect  them- 
selves from  the  destructive  enzymes  by  means  of  the  oxidation  processes 
going  on  in  them.  It  has  been  shown  that  the  mucosa  of  the  stomach 
and  intestines  possesses  intense  oxidative  properties,  and  Burge  (1914)  has 
shown  that  the  digestive  enzymes  are  very  easy  to  oxidize  and  are  then  in- 
active. By  applying  these  facts  to  intestinal  parasites  he  was  able  to 
demonstrate  that  living  worms  are  not  digested  while  dead  worms  are, 
and  if  the  dead  ones  are  permeated  with  nascent  oxygen  they  withstand 

•  It  is  not  unlikely  that  A  scaris  attum  and  Ascaris  lumbricoides  are 
identical. 
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the  attack  of  the  digestive  eDzymes.  It  should  be  noted  that  he  killed 
the  worms  by  electrolysis,  a  method  by  which  enzymes  may  be  destroyed 
(Burge  and  Burge,  1915,  6). 

In  addition  to  these  interesting  facts  another  group  of  phenomena 
has  accumulated.  It  has  been  shown  (Burge,  1916)  that  the  catalase 
content  of  muscles  is  highest  in  those  in  which  more  work  is  done,  i.e. 
in  which  more  oxidation  is  taking  place;  that  during  starvation  the  cata- 
lase  content  of  the  fat  and  muscles,  with  the  exception  of  the  heart,  is  less 
than  normal  (Burge  and  Neill,  1917);  that  the  catalase  content  of  the 
liver,  heart,  and  blood  is  decreased  in  phosphorus  poisoning  and  that  the 
tissues  are  autolyzed  in  the  same  proportions  that  they  lose  catalase 
(Burge,  1917). 

It  occurred  to  the  author  that  if  this  theory  was  vaUd  and  the 
presence  of  oxidative  processes  in  the  intestinal  parasites  pro- 
tected them  from  digestion,  then  the  body  walls  of  these  para- 
sites should  yield  comparatively  large  amounts  of  catalase,  if  the 
amount  of  catalase  in  the  tissue  was  an  indication  of  the  oxida- 
tive processes.  The  common  Ascaris,  a  roundworm,  from  the 
hog  was  used  in  a  series  of  experiments  to  determine  the  amount 
and  distribution  of  catalase  in  the  body. 

The  method  used  was  one  adapted  from  ordinary  gas  analysis. 
It  seems  to  have  advantages  over  the  one  used  by  Burge  (1916) 
in  that  the  gas  may  be  collected  imder  standard  conditions,  the 
apparatus  is  easier  to  handle,  is  neater,  and  perhaps  more  ac- 
curate, although  it  must  be  borne  in  mind  that  the  determination 
is  not  an  absolute  one  but  comparative.  The  text-figure  shows 
the  apparatus.  The  material  was  washed  with  a  0.75  per  cent 
sodium  chloride  solution  and  finely  chopped  up,  weighed  in  a 
crucible,  and  introduced  into  t\ie  bottle  C  in  which  had  been  put 
25  cc.  of  one-half  diluted  commercial  hydrogen  peroxide.  The 
pinch-cock  E  was  opened  and  the  bottle  stoppered  as  indicated 
in  the  figure,  connecting  the  bottle  to  the  burette,  which  was 
filled  with  water.  The  stop-cock  B  was  then  opened  and  the 
water  in  the  burette  D  leveled  to  the  zero  mark  by  raising  or 
lowering  the  bulb  A.  When  this  was  done  the  pinch-cock  was 
closed,  the  crucible  upset  in  the  hydrogen  peroxide,  and  the  bottle 
C  was  shaken  for  10  minutes.  At  the  end  of  that  time  the  stop- 
cock B  was  closed  and  the  water  in  the  leveling  bulb  brought  to 
the  level  of  the  water  in  the  burette  and  the  reading  made.  This 
was  corrected  for  760  mm.   pressure  and  25°C.     It  is  obvious 
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that  the  amounts  of  gas  determined  by  this  method  will  be  less 
than  those  made  according  to  the  Burge  method,  and  Tables  II 
and  III  indicate  this  in  the  case  of  frog  tissue,  run  at  the  same 
time  on  tissue  taken  from  the  same  frog,  which  had  been  washed 
free  from  blood  by  running  0.75  per  cent  sodium  chloride  through 
the  blood  system.    It  will  be  seen  that  the  ratio  between  my 


Fia.  1. 

method  and  Burge's  is  1: 1.52  in  this  case.     A  Schifif's  azotom- 
eter  has  been  used  for  catalase  determinations  (Dox,  1910). 

By  the  method  described  determinations  of  the  catalase  con- 
tent of  the  whole  worm,  the  body  wall,  body  fluid,  and  visceral 
organs  were  made.  It  should  be  recalled  that  the  body  wall  of 
these  worms  consists  of  an  outer,  inert,  non-cellular  cutieula,  a 
thin  layer  of  subcuticula,  and  inside  of  this  a  single  layer  of 
muscle  cells.    The  visceral  organs  consist  in  adult  females,  which 
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were  the  only  ones  used,  almost  entirely  of  the  reproductive  or- 
gans, in  which  countless  numbers  of  embryos  are  rapidly  being 
formed  and  hence  very  rapid  oxidation  must  be  taking  place. 

From  Table  I  the  following  facts  were  obtained:  The  whole 
worms  yield  15  cc.  of  oxygen  per  gm.,  the  body  wall  13  cc,  the 


TABLE  I.* 
Oxygen  per  Gm,  of  Ascaris  suum. 


Ascaris  suum. 

11 

Sample. 

1 

1 

2 

3 

4 

5 

e 

< 

Whole  worm 

Body  wall 

gm. 

1 
1 

1 
1 

cc. 
16 
10 
7 
23 

cc. 

14 

13 

7 

26 

cc. 

17 

16 

7 

30 

cc. 
15 

ce. 

14 

cc. 

16 

ce. 
15 
13 

Body  fluid 

7 

Visceral  organs 

Total 

26 
15 

*  In  all  the  determinations  in  the  tables  25  cc.  of  hydrogen  peroxide 
were  used  and  the  material  was  shaken  in  this  for  10  minutes.  The  num- 
ber of  cc.  of  oxygen  liberated  was  then  read. 

TABLE  II. 

(Author's  Method.) 
Oxygen  per  Gm.  of  Rana  pipiens. 


Rana  pipiens. 

Il 

< 

Sample. 

1 

1 

2 

2 

-< 

Leg  muscles 

gm. 

1 
1 

ce. 
24 
130 

cc. 
22 
120 

ce. 
23 
123 

cc. 

23 

Ovary 

124 

TABLE  III. 

(Burgees  Method.) 
Oxygen  per  Gm.  of  Rana  pi 

piens. 

Rana  pipiens. 

11 

Sample. 

\ 

< 

1 

2 

3 

Leg  muscles 

gm. 

1 
1 

cc. 
43 
190 

cc. 
46 
189 

cc. 
42 
185 

cc. 
43 

Ovary 

188 
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body  fluid  7  cc,  and  the  visceral  organs  26  cc.  The  average 
of  the  last  three  items  run  separately  yielded  the  same  amount 
as  the  total  worms,  thus  furnishing  a  check  on  the  determinations. 
The  cuticula,  when  freed  from  the  other  two  layers  of  the  body 
wall,  does  not  liberate  oxygen  from  hydrogen  peroxide  but  weighs 
one-fourth  the  total  amount  of  the  wall;  hence  it  will  be  seen 
that  the  other  two  layers  involved  really  yielded  17  cc.  of  oxygen 
I>er  gm. 

While  these  amoimts  are  very  small  as  compared  with  those 
obtained  from  free  living  animals  it  must  be  remembered  that 
these  parasites  are  very  sluggish  and  their  activities  are  greatly 
curtailed  by  the  limited  amoimt  of  oxygen  in  their  environment. 
However,  when  these  results  are  compared  with  the  case  of  the 
frog  in  Table  II,  an  interesting  observation  can  be  made.  A 
gram  of  muscle  and  subcuticula  from  the  Ascaris  yielded  about 
five-eighths  as  much  oxygen  as  did  the  reproductive  organs,  while 
in  the  frog  the  most  active  muscles  in  the  body  yielded  only 
about  one-fifth  the  amount  yielded  by  the  ovaries  of  that  animal. 
In  other  words,  the  sluggish  and  inactive  muscles  of  the  Ascaris 
have  more  than  three  times  the  amount  of  catalase  in  them  as 
the  most  active  muscles  of  a  very  active  vertebrate,  when  they 
are  compared  with  the  reproductive  organs  of  the  same  animals 
respectively  from  which  they  came.  At  the  present  time  this 
seems  to  be  the  most  fair  way  to  compare  the  two  cases.  It  re- 
mains for  someone  to  show  quantitatively  how  much  of  this 
catalase  is  necessary  to  carry  on  the  fimctions  of  nutrition,  mo- 
tion, etc.,  and  finally  that  the  amount  left  over  is  sufficient  and 
does  provide  the  necessary  amount  of  oxygen  to  protect  the 
worm  from  the  enzymes  of  its  host.  The  work  presented  in  this 
paper,  while  not  final,  indicates,  to  the  mind  of  the  author,  a 
possible  connection  between  the  two  statements  made  by  Burge, 
that  intestinal  worms  are  protected  from  enzymic  action  by  oxi- 
dative processes,  and  that  catalase  is  in  some  way  responsible 
for  the  oxidative  processes  in  animals  other  than  parasites.  It 
is  hoped  that  this  contribution  will  serve  as  a  stimulus  for  others 
to  undertake  investigations  along  this  line. 
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CONCLUSIONS. 

1.  Catalase  may  be  better  determined  by  the  new  method 
given  in  this  paper  than  by  the  method  used  by  Burge. 

2.  There  is  five-eighths  as  much  catalase  in  the  body  wall  of 
Ascaris  suum  as  in  the  visceral  organs,  and  one-fourth  as  much 
in  the  body  fluid  as  in  the  visceral  organs. 

3.  There  is  three  times  more  catalase  in  the  body  wall  of 
Ascaris  suum  than  in  the  leg  muscles  of  Rana  pipiens,  if  one  uses 
the  amoimt  of  the  catalase  in  the  reproductive  organs  of  each 
form  as  the  units  of  measurement. 

4.  On  the  basis  of  this  last  statement  it  can  be  assumed  that 
there  is  more  than  enough  catalase  in  the  body  wall  of  this  para- 
sitic worm  for  its  metabolic  and  locomotory  functions,  and  hence 
it  is  possible  that  this  excess  is  used  to  Uberate  oxygen  for  pro- 
tecting the  parasite  against  the  digestive  enzymes  of  its  host,  if 
Burge's  theory  be  true. 
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THE  FATTY  ACIDS  IN   HUMAN   BLOOD   IN    NORMAL 
AND  PATHOLOGICAL  CONDITIONS. 

By  frank  a.  CSONKA. 
(From  the  Laboratory  oj  Dr.  J,  P,  McKelvy,  Pittsburgh,) 

(Received  for  publication,  January  2,  191S.) 
INTRODUCTION. 

As  has  been  shown  in  previous  researches  the  fatty  acids  in 
human  blood  exist  as  glycerides,  cholesterol  esters,  soaps,  or  as 
free  acids;  they  are  also  represented  as  a  radical  of  lecithin  and 
the  phosphatide  groups.  Their  content  varies  in  continued  star- 
vation, fat  absorption,  anesthesia,  certain  pathological  conditions, 
etc.,  as  recently  reported  and  confirmed  in  a  series  of  papers  by 
Bloor.^  In  normal  individuals  when  care  is  taken  to  avoid  the 
above  conditions  the  amount  of  fatty  acids  in  the  blood  is  fairly 
constant.  But  little,  if  any  attention  has  been  given  to  the 
quality  of  the  fatty  acids,  and  especially  to  the  proportion  of 
saturated  to  unsaturated  fatty  acids  as  well  as  the  degree  of 
unsaturation. 

That  there  is  a  difference  in  the  quality  of  the  fatty  acids  of  the 
whole  human  body  is  shown  by  the  fact  that  the  fats  called  in- 
terstitial, depot,  and  organ  fats,  each  absorb  iodine  in  different 
proportions,  thus  signifying  that  the  unsaturated  part  of  the 
fatty  acids  varies  in  the  different  tissues.  Jaeckle^  found  an  iodine 
number  of  62  to  73  for  humaa  (ihterstitial)  fat,  and  70  to  80 
per  cent  of  tj^he  fatty  acids  present  as  glycerides  were  oleic  acid. 
Hartley's*  analysis  of  liver  fat  shows  the  presence  of  higher  un- 
saturated fatty  acids  than  oleic  acid  as  indicated  by  the  iodine 
number  of  165  to  175. 

1  Bloor,  W.  R.,  /.  Biol.  Chem.,  1913-14,  xvi,  517;  1914,  xix,  1.  Bloor, 
W.  R.,  and  MacPherson,  D.  J.,  ibid.,  1917,  xxxi,  79.  Bloor,  ibid.,  1917. 
xxxi,  676. 

*  Jaeckle,  H.,  Z.  physiol.  Chetn.,  1902,  xxxvi,  53. 

» Hartley,  P..  J.  Physiol.,  1909,  xxxviii.  353. 

01 


Digitized  by 


Google 


402  Fatty  Acids  in  Human  Blood 

From  the  point  of  view  of  hemolytic  action,  we  are  especially 
interested  in  the  unsatm-ated  part  of  the  fatty  acids,  since  it  has 
been  shown  by  Noguchi*  and  Faust  and  Tallquist*  that  the  higher 
saturated  acids,  palmitic  and  stearic,  are  not  hemolytic  either 
as  such  or  as  their  soaps.  On  the  other  hand,  the  unsaturated 
fatty  acids,  as  oleic  acid,  have  a  strong  hemolytic  action,  and  it 
has  been  demonstrated  by  Faust  and  Tallquist  that  this  acid  is 
the  cause  of  the  anemia  in  Bothriocephalus  latus  infection.*  Fur- 
ther, Lamar'  has  shown  ah  existing  relation  between  the  degree 
of  unsaturation  and  lytic  action  as  he  was  able  to  show  that  the 
sodium  soap  of  linoleic  acid  dissolved  pneumococci  more  rapidly 
in  higher  dilutions  than  sodiimi  oleate.  McPhedran,*  working 
with  red  blood  ceUs,  was  unable  to  demonstrate  any  difference 
in  the  lytic  action  of  linoleic  and  oleic  acids  as  Lamar  had  claimed 
in  the  case  of  bacteria,  and  concluded  that  there  was  no  relation- 
ship between  the  lytic  action  and  degree  of  unsaturation. 

In  my  previous  paper,'  I  reported  that  the  iodine  number  of 
fatty  acids  of  the  blood  in  cases  of  pernicious  anemia  was  not 
exceptionally  high;  but,  as  I  stated,  the  matter  needed  further 
investigation,  as  the  material  used  for  iodine  determinations  was 
a  mixture  of  saturated  and  unsaturated  fatty  acids;  so  that  this 
'finding  had  no  other  meaning  than  that  unsaturated  fatty  acids 
were  present.  The  mere  presence  of  unsaturated  fatty  acids 
cannot  be  considered  the  primary  cause  of  toxic  hemolysis,  since 
such  acids  exist  in  normal  himian  blood,  as  shown  below.  It  is 
therefore  necessary  to  look  further  for  the  causative  factor. 

*  Noguchi,  H.,  J.  Exp,  Med.,  1906,  vui,  87. 

*  Faust,  E.  S.,  and  Tallquist,  T.  W.,  Arch.  exp.  Path.  u.  Pharm.,  1907, 
Ivii,  367. 

«  The  cholesterol  ester  of  oleic  aci^  is  hemolytic  but  not  so  strongly  so 
as  oleic  acid  itself.  Since  they  demonstrated  in  the  saponified  ether  ex- 
tract of  BothriocephaluB  latus  both  oleic  acid  and  cholesterol  and  were 
unable  to  show  the  presence  of  glycerol,  they  concluded  that  the  oleic 
acid  was  present  as  a  cholesterol  ester  without  attempting  to  isolate  it  as 
such.  * 

^  Lamar,  R.  V.,  J.  Exp.  Med.,  1911,  xiv,  256. 

» McPhedran,  W.  F.,  J.  Exp.  Med.,  1913,  xviii,  527. 

» Csonka.  F.  A.,  J.  Biol.  Chem.,  1916,  xxiv,  431. 
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Methods, 


The  saponification  of  the  alcohol-ether  extract  was  preferred 
to  the  direct  saponification  of  whole  blood  because  of  the  incon- 
venience of  working  with  such  large  quantities,  and  the  large 
volumes  required  to  saponify  in  alcohoUc  KOH  medium  in  a 
concentration  sufficient  to  be  sure  that  the  esters  of  cholesterol 
are  also  split. 

Bleod  was  taken  from  the  vein  before  breakfast. ^^  A  few  crystals  of 
potassium  oxalate  were  added  to  prevent  clotting.  75  to  125  cc.  of  blood 
were  measured  with  a  pipette  and  run  slowly  into  250  to  400  cc.  of  95  per 
cent  alcohol  with  constant  stirring.  After  the  protein  matter  had  settled 
it  was  filtered  through  a  Buchnef  funnel  by  suction.  The  blood  proteins 
were  put  into  a  large  extraction  shell  and  extracted  by  absolute  alcohol 
for  24  hours  and  again  by  petroleum  ether  for  24  hours  in  a  Soxhlet  appa- 
ratus. The  filtrate  from  the  blood  protein  as  well  as  the  absolute  alcohol 
extract  was  evaporated  on  the  water  bath  to  dryness.  It  was  redissolved 
in  the  petroleum  ether  extract,  filtered  through  cotton,  measured,  and 
about  an  eighth  of  it  was  used  for  the  determination  of  the  fat  and  lipoid 
content.  From  the  remainder  the  petroleum  ether  was  distilled  off,  the 
residue  saponified,  and  the  fatty  acid  determined  according  to  the  method 
of  Gephart  and  Csonka.  ^^ 

The  first  step  in  the  separation  of  the  unsaturated  from  the 
saturated  fatty  acids  was  to  convert  them  into  their  lead  soaps. 
These  were  extracted  by  ether,  according  to  the  method  of  Var- 
rentrapp,  which  dissolves  the  lead  soaps  of  the  unsaturated  fatty 
acids.  This  method  is  not  strictly  quantitative,  but  it  is  the  best 
at  present  devised  for  the  separation  of  unsaturated  from  satu- 
rated fatty  acid  in  general.^^ 

»•  I  wish  to  thank  Drs.  C.  C.  Hartman  and  W.  T.  Mitchell,  Jr.,  for  col- 
lecting the  blood  samples  used  in  this  work. 

"  Gephart,  F.  C,  and  Csonka,  F.  A.,  J.  Biol,  Chem.,  1914,  xix,  521. 

**  To  demonstrate  how  this  method  worked  in  my  hands  I  give  one  of 
the  preliminary  analyses  made  of  Merck's  oleic  acid  labeled  as  highly 
purified.  (A),  0.1700  gm.  of  oleic  acid  gave  0.1490  gm.  of  unsaturated 
fatty  acids;  yield  87.6  per  cent.  (B),  0.1080  gm.  of  oleic  acid  gave 
0.0950  gm.  of  unsaturated  fatty  acids;  yield  87.9  per  cent.  A  third  sample, 
where  0.1635  gm.  of  oleic  acid  was  saponified  first,  gave  0.1558  gm.  of 
unsaturated  fatty  acids;  yield  95.3 per  cent. 
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At  the  end  of  the  titration  of  the  fatty  acids  by  the  method  of  Gephart 
and  Csonka"  the  fatty  acids  are  present  as  potassium  soaps  in  a  mixture  of 
petroleum  ether  and  alcohol.  A  portion  of  the  blood  cholesterol  is  present 
in  this  same  solution.  To  remove  the  cholesterol  the  solution  is  made 
alkaline,  to  insure  separation  more  alcohol  is  added,  and  extracted  twice 
with  petroleum  ether.  The  alkaline  solution  containing  the  fatty  acids 
as  soaps  is  transferred  to  a  large  beaker,  evaporated  on  the  water  bath, 
the  residue  dissolved  in  warm  distilled  water,  neutralized  by  acetic  acid, 
and  the  fatty  acids  are  precipitated  as  lead  soaps  by  the  addition  of  an 
excess  of  lead  acetate  solution.  The  soaps  are  th^n  filtered  off  and  dried 
in  vacuum.  The  ether-soluble  lead  soaps  are  decomposed  by  the  addition 
of  hydrochloric  acid;  the  free  unsaturated  fatty  acids,  after  the  ether  is 
distilled  off,  are  dried  in  vacuum,  weighed,  and  saved  for  the  determina- 
tion of  the  iodine  number  according  to  Hiibl. 

Since  the  iodine  number  of  the  unsaturated  fatty  acids  in  sev- 
eral cases  as  shown  in  Table  I  is  higher  than  that  of  oleic  acid,  the 

TABLE  II. 


Caae 

3 

0 

10 

14 

18 

19 

Iodine  No 

117.2 

101.1 

129.6 

136.9 

96.4 

108.6 

Unsaturated  fatty  acids  of  alco- 
hol-soluble barium  soaps,  gm. 
in  100  cc.  of  blood 

0.035 

0.136 

0.054 

0.165 

0.075 

0.084 

question  of  the  direct  evidence  of  the  presence  of  other  or  higher 
unsaturated  fatty  acids  arose  in  the  latter  part  of  this  work. 
Therefore,  the  unsaturated  fatty  acids  were  dissolved  in  abso- 
lute alcohol  neutralized  by  alcoholic  KOH  and  the  oleic  acid  was 
partly  precipitated  as  barium  oleate,  placed  in  a  refrigerator  for 
a  few  hours,  and  then  filtered.  The  unsaturated  fatty  acids  of 
the  alcohol-soluble  barium  soaps  (Table  II)  were  liberated  by 
hydrochloric  acid,  extracted  by  ether,  and  after  the  ether  was 
evaporated  off  the  residue  was  dried,  weighed,  and  used  for  the 
determination  of  the  iodine  number. 

I  was  especially  careful  to  avoid  any  alteration  or  destruction 
of  the  unsaturated  fatty  acids  which  may  result  from  the  use  of 
excessive  heat.  The  saponification  and  extraction  flask  described 
in  the  previous  communication*  was  used  to  advantage  in  this 
work. 
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II. 

A  review  of  the  literature  has  shown  that  in  the  determination 
of  blood  fats  the  extraction  followed  by  saponification  of  the  ex- 
tract was  to  be  preferred  to  the  direct  saponification.  The  former 
method  was  introduced  by  Shimidzu^'  who  tried  to  apply  the 
Kumagawa-Suto  direct  saponification,  but  found  lower  results 
than  when  he  had  first  extracted  the  blood  with  alcohol  and  then 
saponified  the  extract.  Berczeler^*  confirmed  Shimidzu's  claim 
and  recently  Rosenthal  and  Trowbridge"  discussing  the  methods 
of  fat  determination  concluded  also  that  in  blood  Shimidzu^s 
alcoholic  extractions  should  precede  saponification.  As  a  control 
for  the  blood  fat  determinations  in  the  present  work  it  was  thought 
advisable  to  run  duplicate  determinations  according  to  the  Gep- 
hart-Csonka"  method.    To  saponify  in  alcoholic  KOH  medium 

TABLE  m. 
Gm.  of  FaUy  Acids  in  100  Cc.  of  Blood. 


Caao 

2 

3 

8 

9 

14 

16 

IS 

Extraction  and  saponifica- 
tion  

0.300 
0.325 

0.300 
0.326 

0.263 
0.271 

0.282 
0.318 

0.362 
0.355 

0.252 
0.268 

0.307 

Gephart-Csonka  method. . . 

0.42S 

in  a  concentration  suflScient  to  be  sure  that  also  the  more  resist- 
ant esters  such  as  cholesterol  esters  are  split  with  certainty,  only 
5  cc.  of  blood  were  used. 

The  results  in  Table  III  verify  the  applicability  of  theGephart- 
Csonka  method  for  blood  in  cases  where  we  are  interested  only 
in  the  absolute  values,  with  the  advantage  also  of  avoiding  the 
jbime-consuming  extraction.  The  above  results  show  further 
that  the  accuracy  was  not  limited  by  using  such  small  amounts  of 
blood;  the  higher  results  were  expected,  as  the  extraction  is  never 
complete,  especially  in  case  such  large  amounts  of  blood  are 
extracted. 

The  method  as  applied  to  blood  is  as  follows:  To  5  cc.  of  blood  meas- 
ured into  the  author's  saponification  and  extraction  flask  20  cc.  of  alcohol 

'» Shimidzu,  Y.,  Biochem.  Z,,  1910,  xxviii,  237. 

^<  Berczeler,  L.,  Biochem.  Z.,  1912,  xliv,  193. 

»»  Rosenthal,  H.,  and  Trowbridge,  P.  F.,  J.  BioL  Chem.,  1915,  xx,  711. 
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(d5  per  cent)  and  4  gm.  of  stick  potassium  hydroxide  are  added.  The 
flask  is  immersed  in  a  boiling  water  bath  and  its  contents  are  boiled 
under  a  reflux  condenser  for  1  hour,  it  is  then  cooled,  and  20  cc.  of  20  per 
cent  HQl  are  added  in  small  portions  to  free  the  fatty  acids,  cooling  the 
flask  after  each  addition  of  the  acid.  The  flask  ia  filled  to  the  constriction 
with  distilled  water,  50  cc.  of  ether  are  added,  the  flask  is  closed  with  the 
stopper,  and  shaken  in  a  rotary  manner  for  a  few  minutes.  After  the 
ether  layer  has  separated  it  is  blown  by  pressure  into  a  separating  funnel 
(250  cc).  The  ether  extraction  is  repeated  twice  with  50  cc.  portions, 
collecting  the  portions  in  the  separating  funnel.  After  each  extraction 
the  ether  layer  is  brought  to  the  constriction  by  adding  a  little  distilled 
water.  The  combined  ether  extract  in  the  separating  funnel  is  washed 
with  several  portions  of  water  until  the  wash  water  is  neutral.  The  crude 
ether  extract,  being  free  from  hydrochloric  acid  as  well  as  lower  fatty 
acids,  is  transferred  into  an  Erlenmeyer  flask  (200  cc),  a  glass  beacf  added, 
and  the  ether  distilled  off.  The  flask  containing  the  residue  is  placed  in 
the  water  bath  for  a  few  minutes,  then  in  a  vacuum  desiccator  over  night 
to  free  the  residue  from  moisture.  25  cc.  of  light,  boiling  petroleum  ether 
are  added,  the  flask  is  rotated  at  frequent  intervals,  and  the  solution 
filtered  through  a  thick  plug  of  fat-free  cotton.  Wash  the  flask  and  filter 
well  with  petroleum  ether  (3  times  with  10  cc.  portions)  and  collect  the  fil- 
trate which  is  perfectly  clear  and  colorless  in  an  Erlenmeyer  flask.  Bring 
the  petroleum  ether  solution  to  boiling  in  a  water  bath  and  titrate  it  im- 
mediately with  0.04  N  alcoholic  KOH  using  phenolphthalein  as  an  indica- 
tor; each  cc.  of  0.04  n  KOH  is  equal  to  10.97  mg.  of  fatty  acids.  For 
further  details  see  the  original  article. ^^ 


DISCUSSION. 

The  unsaturated  fatty  acids  are  of  exogenous  or  endogenous 
origin,  the  latter  being  derived  by  synthesis  from  either  carbo- 
hydrate or  protein.  A  third  source  is  by  the  desaturation  of  food 
fat  and  depot  fat,  which  is  mobiUzed  for  transport.  Leathes** 
believes  that  desaturation  is  the  r61e  of  the  liver  in  fat  metabolism, 
so  we  may  consider  that  unsaturated  fatty  acids  occur  in  normal 
metabolism. 

As  Table  I  shows,  the  blood  of  normal  individuals  contains  an 
average  of  0.143  gm.  of  unsaturated  fatty  acids  per  100  cc.  with 
an  average  iodine  number  of  87.5.  48  per  cent  of  the  total  fatty 
acids  are  unsaturated.  The  iodine  number  of  unsaturated  fatty 
acids  varies  from  76  to  105  in  normal  human  blood,  thus  indi- 

"  Leathes,  J.  B..  Ergebn.  Physiol.,  1909,  viii,  356. 


Digitized  by 


Google 


408 


Fatty  Acids  in  Human  Blood 


eating  in  addition  to  oleic  acid  the  presence  of  other  both  higher 
and  lower  unsaturated  fatty  acids  in  small  amounts. 

In  pathological  conditions,  we  have  found  that  a  generally 
higher  proportion  of  unsaturated  fatty  acids  than  the  normal  aver- 
age occurs,  'and  that  the  iodine  absorption  power  of  the  unsatu- 
rated fatty  acids  as  well  as.  their  absolute  amount  is  higher.  "We 
may  divide  the  pathological  cases  according  to  their  hemoglobin 
content  into  two  groups:  (A)  normal  hemoglobin,  and  (B)  low 
hemoglobin. 

TABLE  rv. 


Group  A. 

Group  B. 

•CaM. 

Hemoclobin. 

Iodine  No. 

Case. 

Hemoglobin. 

Iodine  No. 

V«r  cent 

per  cent 

13 

105 

92.8 

7 

63 

142.4 

14 

100 

111.5 

8 

15 

94.8 

16 

85 

78.3 

9 

26 

101.0 

17 

94 

89.8 

10 

35 

107.8 

18 

90 

86.0 

11 

58 

71.8 

19 

83 

101.2 

12 

15 

110.9 

15 

68 

136.6 

The  high  iodine  numbers  representing  unsaturated  fatty  acids 
with  higher  degree  of  unsaturation  than  oleic  acid  are  foimd  in 
Group  B,  but  we  should  not  forget  that  in  the  same  group  we  deal 
with  an  abnormally  low  red  cell  count.  Munk  and  Friedenthal" 
found  an  increase  of  fat  in  red  corpuscles  during  fat  absorption,  and 
Bloor^*  suggested  that  most,  if  not  all,  fat  metabolized  through 
lecithin,  and  that  lecithin  formation  is  a  result  of  red  cell  activity. 
In  anemia,  where  the  number  of  red  cells  is  lowered,  probably  the 
fat  metabolism  is  disturbed;  and  as  a  fact  we  find  the  amount 
of  lecithin  as  well  as  other  lipoid  substances  generally  lower  than 
that  in  normal  human  blood.  It  would  seem  that  these  lipoid 
substances  especially  require  the  unsaturated  fatty  acids  as  a 
radical  in  their  formation.  The  higher  iodine  value  found  es- 
pecially in  those  cases  where  the  lipoids  are  low  suggests  a  re- 
sultant excess  of  unsaturated  fatty  acids  and  not  necessarily  an 
increased  desaturation  of  fatty  acids  by  stimulated  liver  activity. 

"  Munk,  I.,  and  Friedenthal,  H.,  Cenir.  Physiol.,  1901-02,  xv,  297 
»»  Bloor,  J.  Biol.  Chem.,  1916,  xxiv,  447. 
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While  we  know  that  this  excess  of  unsaturated  fatty  acids  has  a 
hemolytic  action,  and  no  doubt  intensifies  the  hemol3rsis,  yet  it 
cannot  be  the  primary  cause,  as  we  found  in  Cases  3,  13,  14,  19 
(Tables  I  and  II)  higher  unsaturated  fatty  acids  in  even  larger 
quantities  than  in  normal  blood  with  normal  red  blood  count  and 
hemoglobin  content. 

The  iodine  values  of  fat  plus  Upoid  substances  show  small 
variation  in  pathological  cases  as  well  as  in  normal  cases,  and 
have  neither  quaUtative  nor  quantitative  significance.  A  higher 
iodine  number  does  not  mean  that  there  are  present  more  highly 
unsaturated  fatty  acids  than  oleic,  or  that  the  proportion  of 
unsaturated  to  saturated  is  larger. 

SUMMARY. 

Unsaturated  fatty  acids  are  a  product  of  normal  metabolism, 
being  present  in  normal  human  blood,  in  which  they  form  48.0 
per  cent  of  the  total  fatty  acids.  Judged  by  their  iodine  absorp- 
tion power  there  are,  in  addition  to  oleic  acid,  other  unsaturated 
fatty  acids  both  higher  and  lower  than  oleic,  although  in  small 
amoimts. 

The  iodine  numbers  of  the  unsaturated  fatty  acids  in  patho- 
logical conditions  are  generally  higher  than  in  normal  individuals, 
especially  in  cases  with  low  hemoglobin  values.  As  such  acids 
exist  in  normal  human  blood  as  well  as  in  pathological  conditions 
without  anemia,  it  is  necessary  to  look  further  for  the  primary 
cause  of  toxic  hemolysis. 

The  Gephart-Csonka  method  for  fatty  acid  determination  in 
feces  has  been  apphed  to  blood  in  the  present  work,  thus  avoiding 
the  time-consuming  extraction  common  to  other  methods. 
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A  BIOLOGICAL  ANALYSIS  OF  PELLAGRA-PRODUCINfr 

DIETS. 

V.     THE  NATURE  OF  THE  DIETARY  DEFICIENCIES  OF  A   DIET 

DERIVED   FROM   PEAS,  WHEAT  FLOUR,  AND 

COTTENSEED  OIL. 

By  E.  V.  McCOLLUM,  N.  SIMMONDS,  and  H.  T.  PARSONS. 

{From  the  Chemiccd  Laboratory  of  the  School  of  Hygiene  and  Public  Health 
of  the  Johns  Hopkins  University,  Baltimore,) 

(Received  for  publication,  January  25,  1918.) 

There  are  described  in  the  Uterature  two  types  of  experimental 
diets  which  are  reported  to  have  produced,  the  one  in  man  and 
the  other  in  dogs,  a  pathological  condition  which  closely  re- 
sembles, if  indeed  it  is  not  actually  identical  with  human  pella- 
gra (1,  2).  It  has  long  been  suspected  that  pellagra  is  in  some 
way  the  sequel  to  the  long  continued  use  of  a  faulty  diet,  but 
there  have  been  various  theories  as  to  the  manner  in  which  the 
diet  is  at  fault. 

The  experiments  of  Goldberger  (1)  have  rendered  the  relationship  of 
the  diet  to  the  disease  extremely  probable.  Men  were  restricted  during 
5J  months  to  a  diet  prepared  from  wheat  flour  (patent),  corn  meal,  (corn) 
grits,  cornstarch,  white  polished  rice,  standard  granulated  sugar,  cane 
syrup,  sweet  potatoes,  pork  fat  (fried  out  of  salt  pork),  cabbage.' coUards, 
turnip  greens,  and  coffee.  At  the  end  of  5^  months,  five  of  the  eleven  men 
thus  restricted,  showed  unmistakable  signs  of  the  disease.  Goldberger 
interpreted  his  results  with  creditable  caution,  but  decided  that,  "On  the 
whole,  however,  the  trend  of  available  evidence,  strongly  suggests  that 
pellagra  will  prove  to  be  a  *  deficiency*  disease  very  closely  related  to 
beri-beri''  (1). 

Voegtlin  (3),  after  a  critical  examination  of  the  literature,  and  also 
from  clinical  observations,  formulated  his  views  concerning  the  etiology  of 
pellagra  as  follows: 

''From  a  survey  of  the  clinical  and  pathological  aspects  of  pellagra,  I 
have  arrived  at  the  conclusion  that  we  are  dealing  with  a  chronic  intoxi- 
cation. While  the  agents  at  work  in  this  intoxication  are  as  yet  unknown, 
I  am  inclined  to  believe  that  toxic  substances  exist  in  certain  vegetable 
food,  not  necessarily  spoiled,  which  if  consumed  by  man  over  a  long  period 
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of  time,  may  produce  an  injurious  effect  on  certain  organs  of  the  body. 
This  hypothesis  does  not  rule  out  the  possibility  that  a  dietary  deficiency 
....  [vitamines]  ....  may  play  a  rftie  in  the  production  and 
treatment  of  pellagra." 

"One  will  have  to  consider  very  seriously:  (1)  A  deficiency  or  absence 
of  certain  vitamines  in  the  diet.  (2)  The  toxic  effect  of  some  substances, 
as  aluminum,  which  occur  in  certain  vegetable  foods.  (3)  A  deficiency 
of  the  diet  in  certain  amino-acids. " 

Chittenden  and  Underbill  (2)  produced  in  dogs  a  condition  which  they 
describe  as  closely  similar  to  pellagra  in  man,  by  feeding  a  diet  consisting 
of  cooked  (dried)  peas,  cracker  meal,  and  cottonseed  oil.  Their  views 
concerning  the  number  of  diseases  which  fall  into  the  same  category  with 
beri-beri,  that  is  in  being  caused  by  the  lack  of  specific  protective  sub- 
stances, are  formulated  as  follows: 

**The  absence  or  deficiency  of  these  substances  (*  vitamines')  may  lead 
to  a  variety  of  metabolic  disturbances  which  have  been  designated  by 
different  names  as  beri-beri,  scurvy,  pellagra,  etc.,  and  which  may  be 
grouped  together  as  'deficiency  diseases.'"  They  concluded  from  their 
numerous  experimental  data  that,  **From  the  facts  enumerated  the  con- 
clusion seems  tenable  that  the  abnormal  state  may  be  referred  to  a  de- 
ficiency of  some  essential  dietary  constituent  or  constituents,  presumably 
belonging  to  the  group  of  hitherto  unrecognized  but  essential  components 
of  an  adequate  diet." 

As  a  result  of  studies  with  diets  composed  of  purified  food- 
stuffs supplemented  with  fats  of  the  growth-promoting  and  non- 
growth-promoting  classes,  and  with  alcoholic  and  water  extracts 
6f  plant  tissues  (4)  and  also  with  the  addition  of  small  amounts 
of  various  natural  foods  (5),  we  were  led  to  the  conclusion  that 
there  are  possible  of  classification  two  still  imidentified  food 
complexes  which  are  essential  in  the  diet,  and  we  introduced  the 
terms  fat-soluble  A  and  water-soluble  B  to  designate  them  (6). 
The  prefixes  ''fat-soluble*'  and  "water-soluble"  have  now  be- 
come generally  adopted  by  other  investigators,  although  there  is 
/still  lack  of  uniformity  in  the  terminology  in  other  respects. 
There  are  not  less  than  twenty  different  terms  in  the  literature  of 
the  last  2  or  3  years  to  designate  these  two  substances,  or  as  a  few 
authors  seem  to  beUeve,  groups  of  substances  of  unknown  nature.* 

*  Recently  Emmett  and  McKim  (7)  have  argued  in  favor  of  the  eidst- 
etice  of  a  special  *'vitamine**  for  maintenance  and  another  or  others  for 
growth.  We  are  not  able  to  see  in  the  experimental  data  which  Emnoett 
&nd  McKim  present  any  evidence  in  support  of  the  interpretation  which 
ih^  authors  put  upon  their  data. 
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It  is  obviously  of  the  greatest  importance  that  we  have  a 
correct  understanding  of  the  relation  of  diet  to  disease,  and  it  is 
accordingly  exceedingly  desirable  that  it  be  definitely  established 
whether  there  is  in  reality  but  a  single  essential  substance  in  each 
of  what  we  term  fatnsoluble  A  and  waternaoluble  B.  If,  as  the 
evidence  available  indicates,  each  represents  but  a  single  sub- 
stance, there  can  be  but  two  deficiency  diseases  in  the  sense  in 
which  Funk  employed  this  term  (8).  He  used  the  term  "de- 
ficiency diseases"  to  designate  a  series  of  four  or  more  syndromes, 
beri-beri,  scurvy,  pellagra,  and  rickets,  and  expressed  the  belief 
that  each  was  due  to  the  lack  of  a  specific  protective  substance. 
We  have,  therefore,  directed  our  efforts  to  the  solution  of  the 
problem  concerning  the  nimiber  of  the  unidentified  dietary  es- 
sentials, and  have  repeatedly  expressed  the  view  that  there  are 
but  two  (9). 

McCollum  and  Pitz  (10)  demonstrated  that  scurvy  in  the  guinea  pig 
does  not  belong  in  the  category  of  ''deficiency"  diseases,  and  referred  it 
instead  to  the  agency  of  microorganisms  in  the  digestive  tract.  The  stag- 
nation of  feces  in  the  cecum  of  the  guinea  pigs  employed  as  experimental 
animals  was  suggested  to  be  the  primary  cause  of  the  development  of  the 
organisms  concerned.  Hess  (11)  has  recently  described  experiments  which 
support  our  conclusions  regarding  the  bacteriological  factor  in  the  pro- 
duction of  scurvy.  He  found  that  freshly  pasteurized  milk  does  not  pro- 
duce scurvy  in  the  human  infant,  whereas  the  same  milk  kept  24  hours 
after  the  heat  treatment  may  do  so.  The  most  plausible  explanation  for 
this  is  the  developiQent  of  pernicious  forms  of  organisms  after  the  pas- 
teurization has  checked  the  lactic  acid  formers.  We  hold,  therefore,  that 
scurvy  has  been  definitely  eliminated  from  the  list  of  supposed  ''deficiency" 
diseases. 

In  the  previous  articles  of  this  series,  we  have  analyzed  the 
deficiencies  of  several  seeds,  from  the  dietary  standpoint,  by  suit- 
ably planned  feeding  experiments  (12,  13).  We  have  arrived  at 
the  conclusion  that  beri-beri  was  properly  judged  by  Funk  as 
to  the  cause  of  its  origin,  but  that  the  other  diseases  which  he 
held  to  be  due  to  the  lack  of  specific  substances  from  the  diet  are 
in  reality  due  to  other  causes.  We  have  called  atftention  to  clini- 
cal evidence  of  the  existence  in  man  of  cases  of  xerophthalmia 
(9),  entirely  analogous  in  origin  to  the  same  pathological  state  in 
rats,  brought  about  by  a  deficiency  of  the  fat-soluble  A  in  the 
diet.    Xerophthalmia  and  polyneuritis  are  abundantly  demon- 


Digitized  by 


Google 


414  Pellagra-Producing  Diets.     V 

strated  to  have  their  origin  in  the  lack  of  a  suflScient  amount  of 
the  fat-soluble  A  and  water-soluble  B  respectively  in  the  diet. 
The  experiments  described  in  this  paper  make  it  clear  that  the 
diet  of  Chittenden  and  Underbill  is  not  deficient  in  the  sense  that 
it  fails  to  furnish  a  sufficient  amount  of  another  specific  substance 
which  when  present  protects  against  the  development  of  the  syn- 
drome of  pellagra.  The  deficiencies  of  their  diet  are  all  depend- 
ent upon  the  shortage  of  the  fat-soluble  A,  the  character  of  the 
inorganic  moiety,  and  the  relatively  poor  quality  of  its  protein 
mixture.  The  experimental  demonstration  of  this  fact,  provided 
the  interpretation  be  accepted  that  their  dogs  were  suffering 
from  a  disease  analogous  to  pellagra  in  man,  eliminates  a  second 
syndrome,  pellagra,  from  the  Ust  of  supposed  "deficiency" 
diseases. 

On  the  appearance  of  Chittenden  and  Underbill's  paper,  we 
were  at  once  convinced  that  their  interpretation  of  the  nature  of 
the  deficiencies  of  their  diet  could  be  only  partially  correct.  This 
conclusion  is  inevitable  in  the  light  of  our  many  studies  of  all  the 
more  important  seeds,  which  are  in  use  as  foods  for  men  and 
animals.  Each  of  these,  we  have  shown,  can  be  supplemented 
by  the  addition  of  inorganic  salts,  purified  protein,  and  a  growth- 
promoting  fat,  so  as  to  be  dietetically  complete  (14).  It  must 
follow,  therefore,  that  the  fat-soluble  A  is  the  only  unidentified 
dietary  factor  of  which  there  is  any  relative  lack  in  any  of  the 
seeds  which  we  have  studied.  The  deficiency  of  the  seeds  in  fat- 
soluble  A  is  only  relative,  not  absolute.  Each  of  the  seeds  ap- 
pears to  contain  at  least  50  per  cent  of  the  requirements  of  the 
growing  rat  for  this  substance,  provided  the  other  factors  in  the 
diet  are  of  good  quality.  A  mixture  of  peas,  wheat  flour  (or 
crackers),  and  cottonseed  oil,  should,  in  the  light  of  our  data  with 
each  of  the  common  seeds,  be  susceptible  of  fairly  accurate  ap- 
praisal as  to  its  dietetic  value.  The  experiments  described  in  this 
paper  demonstrate  the  correctness  of  this  view. 

Chart  1.  Lot  1^916, — ^The  standard  food  mixtures  of  peas, 
patent  flour,  and  cottonseed  oil  induced  no  growth  in  Period  1. 
In  Period  2  the  addition  of  purified  protein  did  not  correct  the 
ration  so  as  to  produce  growth. 

Lot  1,916  A  shows  that  a  suitable  salt  addition  was  not  suffi- 
cient to  render  this  food  mixture  capable  of  supporting  growth, 
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while  Lot  1,021,  Chart  2,  and  Lot  1,022,  Chart  3,  demonstrate 
that  the  content  of  the  dietary  factor,  fat-soluble  A,  is  not 
the  factor  limiting  growth.  No  matter  how  well  the  proteins 
of  this  diet  are  supplemented  with  purified  protein  addition, 
with  or  without  increasing  this  content  of  the  diet  in  fat-soluble 
A,  growth  cannot  take  place  unless  the  elements  sodium,  chlorine, 
and  calcium  are  added.  We  have  shown  in  the  first  (12)  and 
fourth  papers  (15)  of  this  series  that  these  are  the  only  inorganic 
elements  which  are  required  to  be  added  to  any  of  the  seeds  in 
order  to  make  them  dietetically  complete,  as  far  as  the  minenJ 
content  is  concerned.     Compare  Chart  1  with  Charts  2  and  3. 

These  groups  of  rats  developed  very  rough  scaly  tails,  and 
numerous  bleeding  points  covered  the  surface.  The  ears  were 
thickened  and  on  the  margins  scabs  developed.  There  was  a 
cutaneous  horn  on  the  nose  of  each  rat.  These  signs  of  patho- 
logical changes  on  the  skin  are  common  in  our  rat  colony  in  ani- 
mals fed  certain  types  of  faulty  diets.  They  are  not  the  unfail- 
ing accompaniment  of  diets  which  cause  debility  even  of  a  severe 
character.  We  have  not  yet  analyzed  with  suflScient  thorough- 
ness the  exact  nature  of  dietary  faults  which  induce  these  changes. 

There  was  no  diarrhea  in  any  of  our  rats  on  the  diets  described 
in  this  paper.  Neither  did  we  observe  infection  in  the  oral  and 
intestinal  mucosa. 

Lot  ly916  A. — The  diet  in  Period  1  could  not  support  any 
growth.  In  Period  2,  they  received  in  addition  sodium  chloride 
and  calcium  carbonate.  The  salt  additions  induced  a  slight 
response  with  growth  for  6  to  8  weeks,  followed  by  decline. 
Lot  1,021,  Chart  2,  shows  the  necessity  of  adding  these  salts,  if 
growth  is  to  take  place;  Lot  1,023,  Chart  3,  shows  that  no  others 
are  necessary  to  enable  the  animals  to  grow  at  the  normal  rate. 
The  inorganic  content  of  this  diet  is,  therefore,  the  first  limiting 
factor  in  preventing  growth. 

The  peas  were  soaked  in  water,  then  heated  in  a  steriUzer  at 
15  pounds'  pressiu-e  for  1  hour,  and  dried  in  a  current  of  air  at 
about  70°C.  Gold  Medal  flour  and  a  commercially  bleached  cot- 
tonseed oil  were  employed.  The  animals  were  given  distilled 
water>  and  according  to  our  general  custom,  were  furnished 
water  containing  iodine  in  potassium  iodide  once  each  week. 

Chart  2,    Lot  1,916  B, — In  Period  1  these  rats  received  the 
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standard  mixture  and  failed  to  grow.  In  Period  2  the  content  of 
the  fat-soluble  A  was  increased  by  the  addition  of  butter  fat, 
but  without  noticeable  benefit.  Chart  1,  Lot  1,916  A,  showed 
that  the  addition  of  an  appropriate  inorganic  salt  mixture,  and 
Lot  1,915  an  addition  of  purified  protein  did  not  supplement  the 
mixture  of  peas,  patent  flour,  and  cottonseed  oil  so  as  to  induce 
growth.  Two  purified  food  additions,  one  of  which  is  inorganic, 
are  necessary  (Chart  3,  Lots  1,022  and  1,023).  These  rats  (Lot 
1,916  B)  showed  the  same  skin  lesions  on  the  nose,  ears,  and  tails 
that  were  described  in  Chart  1,  Lot  1,915.  They  differed  from  the 
latter  in  being  extraordinarily  irritable.  They  were  terror 
stricken  whenever  the  cage  door  was  opened,  and  there  was  alwajrs 
great  difficulty  in  weighing  them.  Irritability  in  some  degree 
was  characteristic  of  all  the  rats  on  this  ration  where  but  one 
purified  food  addition  was  made.  Extreme  timidity  is  of  com- 
mon occurrence  in  our  experimental  rats  on  certain  types  of  faulty 
diet.  We  are  not  yet  in  a  position  to  discuss  satisfactorily  the 
exact  nature  of  the  causes  of  this  abnormality. 

Lot  lfl2L — ^These  records  illustrate  the  fact,  when  interpreted 
together  with  Chart  3,  that  both  protein  and  fat-soluble  A  (as 
butter  fat)  added  to  the  diet  of  Period.  1  fail  to  make  the  ration 
capable  of  supporting  growth.  The  addition  of  certain  salts 
(sodium,  chlorine,  and  calcium)  is  necessary  before  growth  can 
proceed.  These  salts  alone  are,  however,  not  sufficient  (Chart 
1,  Lot  1,916  A).  Either  the  protein  must  be  improved,  or  the 
fat-soluble  A  must  be  increased  in  amount,  as  well  as  an  im- 
provement in  the  inorganic  moiety  effected  before  the  food  mix- 
ture becomes  capable  of  supporting  growth  (Chart  3,  Lots  1,022 
and  1,023).  It  is  not  apparent  from  the  curves  of  growth  that  it 
is  of  great  importance  for  some  weeks  whether  the  second  factor 
which  is  improved  is  protein  or  fat-soluble  A.  Growth  can  take 
place  in  either  case.  Prolonged  well-being  requires,  however,  in 
addition  to  other  supplements,  an  increase  in  the  content  of  fat- 
soluble  A  in  thig  food  mixture. 

Chart  3.  Lot  1,022. — In  Period  .  1  the  animals  were  fed  the 
standard  mixture  of  peas,  patent  flour,  and  cottonseed  oil  and 
were  unable  to  grow.  In  Period  2,  the  addition  of  two  purified 
food  substances,  the  simple  salt  mixture  of  sodium  chloride  and 
calcium  carbonate,  together  with  purified  casein,  induced  prompt 
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response.  Chart  2,  Lot  1,021,  showed  that  two  purified  food 
additions,  proteiij  and  fat-soluble  A,  do  not  enhance  the  diet  so 
as  to  support  growth. 

The  growth  of  these  animals  was  not  so  rapid  as  they  are  ca- 
pable of  making  when  the  diet  is  highly  satisfactory.  This  is 
illustrated  by  the  records  of  Lot  1,024,  Chart  4,  when  compared 
with  Lots  1,022  and  1,023,  Chart  3.  In  the  latter  the  best  rats  be- 
came stunted  before  reaching  full  adult  size.  These  records  make 
it  clear  that  the  diet  of  peas,  wheat  fiour,  and  cottonseed  oil  can 
be  supplemented  with  well  known  dietary  components  so  as  to 
induce  a  moderate  amount  of  growth  in  the  rat.  It  is  necessary 
to  conclude,  therefore,  that  the  dietary  deficiencies  of  this  food 
mixture,  which  has  induced  in  dogs  symptoms  closely  resembling 
pellagra  in  man,  are  not  in  the  nature  of  unidentified  "protec- 
tive" substances,  except  that  there  is  in  some  degree  a  shortage 
of  the  content  of  fat-soluble  A.  Sodimn  chloride  and  calcium 
carbonate,  together  with  purified  protein  and  fat-soluble  A, 
render  the  diet  practically  complete  (Chart  4). 

Lot  lfl23, — ^These  records  illustrate  the  fact  that  the  protein 
mixture  derived  from  peas  and  patent  flour  (12.1  per  cent)  is 
adequate  for  the  support  of  a  good  rate  of  growth  (Period  2) 
after  a  period  of  stunting  for  5  weeks.  These  records  further 
support  the  view  that  the  first  limiting  factor  in  this  food  mix- 
ture is  the  quality  of  the  inorganic  content  (see  Charts  1  and  2). 
These  growth  curves  are  not  of  so  steep  a  gradient,  however,  as 
can  be  secured  by  the  further  improvement  of  the  protein  content 
of  the  diet  by  the  addition  of  purified  casein  (Chart  4).  A  com- 
parison of  Charts  3  and  4  makes  it  evident  that  more  fat-soluble 
A  must  be  added  before  the  optimum  growth  can  be  secured  with 
this  ration. 

Chart  4'  Lot  1  fl24, — These  records  show  the  degree  of  improve- 
ment of  a  mixture  of  peas,  patent  flour,  and  cottonseed  oil,  which 
can  be  effected  by  the  addition  of  three  recognized  dietary  factors, 
protein,  salts,  and  fat-soluble  A.  Not  only  is  the  growth  on  the 
diet  supplemented  in  this  way  nearly  at  the  maximum  rate,  but 
three  litters*  of  young  have  been  secured. 

A  mixture  of  peas,  patent  flour  (crackers),  and  cottonseed  oil 
induced  in  dogs  a  profound  state  of  malnutrition,  characterized 
by  sore  mouth,  sloughing  of  the  mucosa,  diarrhea,  infection  of  the 
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mucosa  of  the  intestinal  tract,  and  skin  lesions  (2).  The  same 
diet  is  shown  in  this  paper  to  be  deficient  only  with  respect  to 
three  dietary  factors,  all  of  which  can  be  named  and  but  one  of 
which  (fat-soluble  A)  is  of  chemically  unknown  nature.  This 
forms  a  strong  argmnent  against  the  idea  that  pellagra  is  a  dis- 
ease in  the  same  category  with  beri-beri,  or  the  xerophthalmia 
which  was  described  in  the  second  paper  of  this  series  (9).    Pel- 
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Chart  4. 

lagra  is  primarily,  we  believe,  associated  with  the  unsatisfactory 
character  of  three  dietary  factors  as  described,  and  there  cannot 
be  a  specific  protective  substance  against  this  syndrome  as  there 
is  for  the  other  diseases  just  enumerated.  We  have  elsewhere 
oflFered  chemical  evidence  that  there  is  but  one  water-soluble  in- 
dispensable food  constituent  of  unknown  chemical  nature  (13). 
The  demonstration  that  neither  scurvy  nor  pellagra  belong  in 
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the  class  of  disease  for  which  such  protective  substances  exist, 
removes  the  necessity  of  postulating  the  existence  of  more  than 
one  indispensable  substance  in  what  we  term  water-soluble  B, 
unless  it  shall  be  shown  that  ricketS;  the  only  other  disease  re- 
ferable to  faulty  diet,  is  comparable  in  its  etiology  with  beri-beri 
and  xerophthahnia.  The  experiments  reported  in  this  paper 
support  our  contention  that  there  are  in  reaUty  but  two  "de- 
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ficiency"   diseases,   and   but  two   physiologically  indispensable 
unidentified  dietary  essentials. 

Chart  5.  Lot  1^929, — In  this  chart  are  shown  for  comparison 
with  the  growth  curves  of  young  animals  (Charts  1  to  4  inclu- 
sive) the  curves  illustrating  the  changes  in  body  weight  of  grown 
rats  confined  to  the  diet  of  peas,  flour,  and  cottonseed  oil.  These 
were  at  the  beginning  of  the  experiment  about  1  year  old  and  in 
excellent  condition,  and  capable,  if  fed  a  good  ration,  of  living 
about  2  years  longer.    They  were  restricted  to  the  diet  of  peas. 
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patent  flour,  and  cottonseed  oil,  which  was  employed  throughout 
this  work.  All  suflFered  steady  decline,  showing  that  the  diet  is 
not  of  a  character  to  support  either  maintenance  or  growth 
until  properly  supplemented.  Three  of  the  six  animals  died  at 
the  end  of  the  8th,  12th,  and  15th  weeks  respectively. 

The  coats  of  these  animals  became  rough  but  there  were  no 
thickening  of  the  ears,  baldness,  soreness  of  the  tails,  or  cutaneous 
horns  on  the  noses,  such  as  we  have  seen  to  be  concomitant  with 
faulty  diet.  We  have  not  observed  therefore,  the  pathological 
changes  in  the  mucous  surfaces  of  the  alimentary  tract  nor  the 
skin  changes  and  infections  observed  by  Chittenden  and  Under- 
bill in  dogs.  In  grown  rats,  loss  of  weight  and  the  early  appear- 
ance of  senile  characters  were  the  only  evidences  that  this  diet 
was  inadequate.  In  certain  groups  (Charts  1  and  2)  in  young 
rats  skin  changes  were  observed. 
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THE  STRUCTURE  OF  YEAST  NUCLEIC  ACID. 

m.    AMMONIA  HYDROLYSIS. 

By  p.  a.  LEVENE. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  January  31,  1918.) 

Since  the  tetranucleotide  structure  of  yeast  nucleic  acid  has 
been  generally  accepted,  the  efforts  of  workers  in  this  field  of  in- 
vestigation have  been  devoted  to  a  search  for  an  explanation  of 
the  mode  of  linkage  between  individual  nucleotides.  The  theory 
of  the  structure  of  yeast  nucleic  acid  was  established  through 
the  discovery  of  methods  which  yielded  on  the  one  hand  the  indi- 
vidual nucleotides  and  on  the  other  the  p3rrimidine  nucleotides. 
For  the  explanation  of  the  further  details  in  the  structure  of  the 
substance  it  was  necessary  to  obtain  a  fragment  of  the  nucleic 
acid  molecule  that  would  possess  a  more  complex  structure  than 
the  simple  mononucleotides.  Attempts  in  this  direction  were 
made  by  Thannhauser  and  Dorfmiiller^  and  by  Walter  Jones^*** 
and  his  coworkers.  Thannhauser  and  Dorfmiiller  reported  the 
discovery  of  a  trinucleotide,  Walter  Jones  with  his  coworkers 
*  the  discovery  of  two  dinucleotides.  The  conclusions  of  Thann- 
hauser and  Dorfmiiller  were  criticised  by  Jones  who  very  con- 
vincingly exposed  the  Weak  points  in  the  arguments  of  Thann- 
hauser. 

However,  it  is  now  foimd  that  the  claim  of  Jones  and  Germann 
and  Jones  and  Read  to  have  isolated  an  adenine-uracil  dinucleotide 
was  not  well  founded.  Following  exactly  the  same  conditions  of 
analysis  as  given  by  these  authors  a  brucine  salt  was  obtained 
which  possessed  analytical  values  required  by  the  dinucleotide. 
On  recrystallization  out  of  35  per  cent  ethyl  alcohol  this  brucine 

Thannhauser,  S.  J.,  and  Dorfmtiller,  G.,  Z,  physioL  Chem.,  1915,  xcv, 
259. 

«  Jones,  W.,  and  Richards,  A.  E.,  J.  Biol.  Chem.,  1914,  xvii,  71. 
» Jones,  W.,  and  Germann,  H.  C,  J.  Biol.  Chem.,  1916,  xxv,  93. 
*  Jones.  W.,  and  Read,  B.  E.,  J.  Biol.  Chem.,  1917.  xxix,  123;  xxxi.  39. 
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salt  was  separated  into  two  fractions,  one  analyzing  for  uridinephos- 
phoric  acid,  the  other  for  adenosinephosphoric  acid.  Out  of  120 
gm.  of  the  mixed  salt  there  were  obtained  50  gm.  of  the  first 
portion  and  70.0  gm.  of  the  second.  The  first  salt  was  converted 
into  a  barium  salt  which  possessed  the  crystal  form,  the  optical 
rotation,  and  the  analytical  values  of  the  recently  described* 
barium  salt  of  uridinephosphoric  acid. 

The  second  fraction  was  also  converted  into  a  barium  salt 
which  separated  out  of  a  concentrated  aqueous  solution.  How- 
ever, it  was  impossible  thus  far  to  obtain  the  salt  in  crystalline 
form.    Work  in  this  direction  is  in  progress. 

It  is  evident  on  the  basis  of  this  experience  that  as  far  as  the 
yeast  nucleic  acid  is  concerned  the  largest  fragment  obtained  up 
to  the  present  is  a  mononucleotide.  Hence  the  problem  of  the 
mode  of  linkage  between  the  individual  nucleotides  still  awaits 
its  solution.  On  the  other  hand  the  work  done  in  Jones'  labora- 
tory and  our  recent  work  have  advanced  further  proof  for  the 
tetranucleotide  structure  of  yeast  nucleic  acid,  since  on  cleavage 
of  the  nucleic  acid  it  is  now  possible  to  isolate  the  following  three 
mononucleotides  in  pure  form:  guanylic  acid,  uridinephosphoric 
acid,  and  cytidinephosphoric  acid;  and  there  is  reasonable  hope 
that  adenosinephosphoric  acid  also  will  be  prepared  in  pure  form. 

EXPERIMENTAL. 

Crude  nucleic  acid  in  lots  of  100.0  gm.  each  in  500  cc.  of  water 
and  50  cc.  of  25  per  cent  anunonia  water  were  hydrolyzed  for  1 
hour  in  an  autoclave  at  115°C.  The  reaction  product  •was  fil- 
tered and  to  the  filtrate  an  equal  volume  of  98  per  cent  alcohol 
was  added.  A  precipitate  was  thus  formed  which  was  removed  by 
filtration.  The  filtrate  was  concentrated  to  a  third  of  the  origi- 
nal volume  under  diminished  pressure  (between  12  and  15  mm.), 
the  temperature  of  the  water  bath  not  exceeding  40°C.  To  the 
concentrated  solution  was  added  again  an  equal  volume  of  98 
per  cent  alcohol.  To  the  filtrate  a  25  per  cent  solution  of  basic 
lead  acetate  was  added  as  long  as  a  precipitate  formed. 

The  lead  precipitate  was  ground  up  in  a  solution  containing  5 
per  cent  lead  acetate  and  filtered.  The  ojperation  was  repeated 
three  times.    The  washed  lead  precipitate  was  suspended  in  water 

» Levene.  P.  A.,  J,  Biol.  Chem,,  1918,  xxxiii,  229. 
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containing  barium  hydroxide  and  decomposed  by  means  of  hy- 
drogen sulfide.  Care  was  taken  to  keep  the  solution  slightly  on 
the  alkaline  side.  The  excess  of  hydrogen  sulfide  was  removed 
by  aeration;  the  solution  was  then  made  distinctly  alkaline,  fil- 
tered, again  neutralized,  and  concentrated  to  a  volume  of  500  cc. 
The  barium  was  then  removed  quantitatively  and  from  the  solu- 
tion the  brucine  salts  were  prepared  in  the  usual  way. 

The  analysis  of  the  mixed  brucine  salts  gave  the  following  value. 

0.200  gm.  substance  gave  15.4  cc.  N  at  18°C.  and  747.2  mm. 
For  cytosine-uracil  dinucleotide  Ci9H£6N7P20i6.4(CtaH2eN204)+14  H2O 

Calculated :  Found : 

N 8.46  8.88 

This  material  was  recrystallized  nine  times.  The  final  product 
gave  the  following  analytical  results. 

0.200    gm.  substance  gave  12.4  cc.  N  at  H^C.  and  757.2  mm. 
0.1012    "  "  "      0.1970  gm.  CO2,  0.0582  gm.  H2O,  and  0.0058 

gm.  ash. 

Calrulated  for 
CwHttN»PO;+7HjO:        Found: 

C 53.20  53.08 

H 6.51  6.43 

N 6.80  7.26 

This  brucine  salt  was  then  converted  into  the  barium  salt. 
The  salt  crystallized  in  the  manner  described  in  the  previous  com- 
munication. It  was  redissolved  in  a  small  volume  of  a  10  per  cent 
solution  of  sulfuric  acid.  The  solution  was  neutralized  with 
barium  hydroxide,  filtered,  and  allowed  to  crystallize  at  room 
temperature.     The  figure  illustrates  the  crystals. 

The  substan(;e  gave  the  following  analytical  data. 

0.200    gm.  substance  required  for  neutralization  8.92  cc.  of  0.1  N  acid. 
0.1052    "  "  gave  0.0912  gm.  COj,  0.0230  gm.  H2O,  and  0.0514 

gm.  ash. 

Calculated  for 
C»HiiNtO«PBa:         Found: 

C 23.50  23.64 

H 2.41  2.45 

N 6.10  6.24 

BasPjOr 48.97  48.86 


The  optical  rotation  of  the  substance  was  the  following: 

.14°  X 
1X4 


r^1>o_  H- 0.14°  X  100 

H" 7VI =  +  3.5  . 
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A  DETAILED  METHOD  FOR  THE  PREPARATION 
OF  HISTIDINE. 

By  HORRY  M.  JONES. 

{From  the  Psychopathic  Laboratory  of  Cook  County  Hospital,  Chicago.) 

(Received  for  publication,  January  18,  1918.) 

The  many  uses  which  are  being  found  for  histidine  in  various 
lines  of  biological  work  and  the  difficulty  of  obtaining  this  amino- 
acid  on  the  market  make  it  necessary  for  many  research  labora^ 
lories  to  prepare  their  own  supplies  of  histidine. 

Directions  for  the  preparation  of  histidine  as  given  in  the  text- 
books are  usually  too  meager  to  lead  one  to  a  successful  first  trial; 
i.e.,  a  good  yield  and  a  pure  product.  Either  a  large  amount  of 
the  product  is  discarded  unawares  in  one  of  the  precipitates  or 
filtrates,  or  else  the  mother  liquor  is  too  grossly  contaminated 
with  other  salts  to  permit  the  product  to  separate  in  pure  crystals. 
The  method  given  here  is  oflfered,  however,  not  as  an  improve- 
ment on  the  method  already  in  use,  but  as  a  more  detailed  state- 
ment of  that  method,  together  with  reasons  for  certain  apparently 
insignificant  steps  in  the  process  which  are  easily  overlooked. 

Hemoglobin  is  the  protein  of  preference  as  a  source  of  histidine, 
and  ox  blood  corpuscles,  or  the  so  called  blood  paste,^  which  can 
be  obtained  from  the  slaughter  house,  are  probably  the  most  eco- 
nomical source  of  histidine. 

2  liters  of  blood  paste  are  placed  in  a  wide-bottomed  dish  or 
porcelain-lined  pan  and  to  this  is  added  slowly  an  equal  quantity 
of  concentrated  HCl.  The  limiping  of  the  corpuscles  into  large 
masses  is  of  no  significance,  as  these  lumps  will  dissolve  later. 
The  mixture  is  then  poured  into  an  8  or  10  liter  Jena  or  Pyrex 
round-bottomed  flask  and  heated  on  a  sand  bath  in  the  fume 
chamber  for  about  18  hours.  By  this  time  the  volume  of  the 
mixture  will  be  reduced  to  about  half  the  original  volume;  i.e., 
2  Uters.  The  biuret  test  on  a  neutralized  and  filtered  portion 
should  now  be  negative.    If  the  biuret  test  is  negative,  the  flame 

* ''Blood  paste"  is  the  concentrated  suspension  of  red  blood  corpuscles 
obtained  by  centrifugating  defibrinated  ox  blood. 
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is  i^moved  and  the  mixture  allowed  to  cool.  It  is  then  mixed 
with  an  equal  volume  of  saturated  sodiimi  carbonate,  pouring 
the  acid  mixture  slowly  into  the  carbonate  solution,  with  thorough 
mixing.  The  vessel  for  this  should  have  a  capacity  of  40  or  50 
liters  to  allow  for  the  eflfervescence  of  such  a  viscous  mass.  Fi- 
nally, after  the  foam  has  settled,  which  requires  a  few  hours,  the 
mixture  should  be  made  exactly  neutral  to  litmus  paper  and  fil- 
tered. If  it  has  not  been  carefully  neutralized,  this  filtrate  will 
have  a  reddish  purple  muddy  color  instead  of  a  clear  yellow. 
The  filtrate  is  now  made  alkaline  with  25  gm.  of  NaOH  and  boiled 
to  expel  anmionia.  After  an  hour  of  boiling,  it  may  be  necessary 
to  add  more  NaOH  to  make  sure  that  all  the  anwnonia  will  be 
driven  oflF.  Any  NH4CI  left  in  the  solution  will  interfere  in  all 
subsequent  treatments  of  the  precipitates  and  filtrates,  and  will 
eventually  have  to  be  separated  from  the  final  product. 

After  standing  for  several  hours  in  the  cold,  the  leucine  and 
tyrosine  will  separate  out,  and  should  be  filtered  ofif.  The  filtrate 
should  then  be  treated,  alternately,  with  concentrated  solutions  of 
HgCl2and  of  Na2C08,using  the  NaaCOa  to  keep  the  mixture  alkaline 
as  more  HgCU  is  added.  Continue  this  until  a  small  filtered  por- 
tion, which  should  be  distinctly  alkaline  to  phenolphthalein, 
does  not  produce  the  heavy  voluminous  precipitate  of  mercuric 
histidine  when  treated  with  more  of  the  HgCU  solution.  An 
opalescent  or  milky  precipitate  will  continue  to  form  even  after 
all  the  histidine  is  precipitated,  but  should  be  disregarded.  Now 
filter  oflF  the  large  volume  of  precipitate  and  wash  by  suspending 
the  latter  in  a  2  liter  quantity  of  distilled  water  and  again  filter- 
ing. This  process  is  repeated  a  second  time  to  insure  the  re- 
moval of  substances  in  the  original  solution,  as  well  as  the  excess 
of  HgCU.  Suspend  the  twice  washed  precipitate  in  five  times  its 
volume  of  water  and,  using  concentrated  HCl,  render  the  latter 
acid  to  bromophenol  blue  (pH  =  3).  If  the  dilution  is  greater 
than  five  volumes  of  water,  the  same  voliune  of  concentrated 
HCl  would  be  required,  but  the  pH  would  be  higher;  and  since 
both  the  dilution  and  the  pH  are  more  easily  measured  than  the 
strength  of  the  acid  and  the  volume  of  precipitate,  this  method  is 
suggested.  At  such  a  dilution,  and  pH,  the  mercuric  histidine 
will  be  redissolved,  while  a  large  volume  of  a  dirty  brown  residue 
should  remain  in  suspension.    The  latter  is  then  removed  by 
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filtering.  The  acid  filtrate  is  then  treated  with  a  sufiicient  quan- 
tity of  concentrated  solution  of  Na2C08  to  render  the  solution 
distinctly  alkaline  to  phenolphthalein,  whereui>on  the  mercuric 
histidine  is  reprecipitated  as  a  clean,  creamy  flocculent  mass. 
The  latter  is  thoroughly  washed  two  or  three  times  by  suspending 
in  water  and  refiltering  as  before,  in  order  to  remove  Na^COs 
and  NaCl. 

Finally,  it  should  be  suspended  in  about  600  cc.  of  water,  and 
HjS  allowed  to  bubble  slowly  through  the  thick  suspension,  until 
the  mass  becomes  coal-black.  The  filtrate  from  this  mass  of 
HgS  is  then  allowed  to  evaporate  at  room  temperature,  where- 
upon large  yellowish  crystals  of  histidine  hydrochloride  will  sepa- 
rate out  from  the  brown,  syrupy  mother  Uquor.  The  yield  should 
be  about  15  gm.  The  crystals  are  then  freed  from  the  brown 
adhering  film  of  motljer  liquor, .and  dried  between  filters.  It 
should  be  identified  by  its  melting  point  (256°),  by  its  crystalUne 
structure,  and  i  s  freedom  from  inorganic  salts,  proved  by  in- 
cinerating a  small  portion  on  platinum  foil. 
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THE  GROWTH  OF  CHICKENS  IN  CONFINEMENT.* 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

With  the  Cooperation  of  Edna  L.  Ferry  and  Alfred  J.  Wakeman. 

{From  the  Laboratory  of,  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry  in  Yale 

University f  New  Haven,) 

Plates  4  to  6. 

(Received  for  publication,  January  10,  1918.) 

The  possible  advantage  in  the  use  cf  chickens  as  experimental 
animals  in  the  study  of  growth  and  other  problems  of  nutrition 
has  suggested  itself  to  many  investigators  since  the  days  of  Pas- 
teur. These  birds  can  be  hatched  under  artificial  conditions;  they 
grow  rapidly  and  therefore  may  furnish  desired  evidence  more 
speedily  than  is  the  case  with  most  of  the  domestic  animals;  and 
furthermore  if  the  conditions  under  which  chickens  continue  to 
grow  normally  in  confinement  can  be  learned,  it  will  be  possible  to 
obtain  much  information  of  practical  use  in  poultry  husbandry. 

There  is  a  widespread  belief  among  poultry  raisers  that  young 
chickens  cannot  be  reared  under  the  artificial  conditions  of  hous- 
ing and  diet  which  many  other  experimental  animals  tolerate 
without  detriment.  The  current  ideas  are  expressed  in  the  state- 
ments that  the  birds  must  be  kept  "on  the  ground,"  that  they 
must  have  exercise,  outdoor  life,  and  green  food.  In  a  recent 
report  of  observations  upon  the  growth  of  young  chickens  under 
laboratory  conditions  Drummond^  wrote: 

"There  are  not  many  published  records  of  the  use  of  young  chickens  as 
the  experimental  animals  in  studies  upon  the  factors  concerned  in  growth 
and  nutrition,  but,  from  a  reference  to  those  of  recent  date,  the  present 
author  was  led  to  believe  that  one  might  rely  to  some  considerable  extent 
upon  their  suitability  for  such  studies." 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

»  Drummond,  J.  C,  Biochem,  J.,  1916,  x,  77. 
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Drummond  attempted  to  rear  young  chickens  in  the  labora- 
tory without  success  even  when  the  food  supplied  was  supposed 
to  be  the  same  as  that  which  faciUtated  growth  under  conditions 
of  normal  environment.  He  mentions  "ruffled  appearance"  and 
*' weakness  in  the  legs''  as  symptoms  attending  the  failures. 
Quoting  Drununond  further: 

''The  failure  of  the  normal  birds  to  grow  and  develop  was  at  first  at- 
tributed to  possible  defects  in  the  condition  of  keeping  or  feeding.  Thus, 
poultry-keepers  sometimes  consider  that  weakness  in  the  legs  is  due  id  a 
deficiency  of  fresh  meat  in  the  diet.  It  was  therefore  attempted  to  rear  a 
batch  of  young  chicks  upon  normal  food,  giving  them  in  addition  a  ration 
of  fresh  meat  daily.  The  birds  ate  the  meat  greedily,  but  did  not  respond 
to  the  change,  and  the  effort  to  raise  them  was  no  more  successful  than 
before. 

It  was  then  thought  that  if  the  young  birds  were  reared  upon  a  more 
natural  surface  they  might  thrive  more  satisfactorily.  Accordingly,  two 
batches  were  reared  separately,  one  being  brought  up  upon  a  surface  of 
sawdust  and  coarse  sand,  scattered  on  the  floor  of. the  cage  .  .  .  whilst 
the  other  group  was  provided  with  a  surface  of  fresh  earth  and  grass." 
Post-mortem  examination  of  a  large  number  of  these  'normal'  chicks 
did  not  bring  to  my  notice  any  particular  point  of  interest.  The  bodies 
were  without  exception  greatly  emaciated.  The  organs  were  usually  small 
and  anaemic.  During  life  this  apparent  poverty  in  blood  was  striking. 
The  combs  and  eyelids  of  the  chicks  were  peculiarly  bloodless,  being  of  a 
dead  white  colour,  as  contrasted  with  the  deep  red  colour  possessed  by 
the  combs  and  eyelids  of  normal  fowls  of  an  equal  age." 

In  conclusion  Drummond  wrote: 

"It  is  felt  that  the  young  chick  is  not  a  suitable  object  upon  which  to 
conduct  experiments  in  the  study  of  growth,  at  any  rate,  when  it  is  kept 
under  artificial  conditions.  The  diflSculty  of  rearing  young  fowls  indoors 
is,  I  believe,  realised  by  poultry-farmers  generally,  so  much  so  in  fact, 
that  it  is  seldom  attempted  by  them. 

An  explanation  of  the  cause  of  the  failure  has  not  yet  suggested  itself. 
No  dietary  deficiency  can  *be  held  as  responsible,  for  the  diet  supplied  to 
the  experimental  chicks  in  the  normal  batches  was  in  every  way  similar  to 
that  successfully  employed  to  rear  chicks  in  the  open  air.  An  attempt  to 
supply  one  of  the  conditions,  under  which  fowls  are  normally  reared,  was 
made  when  fresh  earth  and  grass  were  given  to  provide  a  surface  for  the 
young  birds  to  run  upon. 

They  certainly  made  use  of  the  soil,  scratching  it  over  and  picking  out 
small  insects  and  other  tasty  morsels  All  day  long.  And  yet,  despite  the 
fact  that  the  earth  was  changed  frequently,  this  group  of  birds  reached 
but  a  slightly  better  standard  of  development  than  did  a  similar  batch, 
which  had  a  surface  of  sawdust  and  grit  to  run  upon. 
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In  the  ight  of  these  facts  we  must  admit  that  there  are  other  factors 
than  an  adequate  diet,  which  mUst  be  supplied  to  the  growing  chick,  in 
order  that  it  may  complete  its  normal  growth  when  under  conditions  such 
as  are  described." 

Likewise  Funk,*  in  referring  to  Drummond^s  conclusion,  that 
even  chickens  on  normal  diet  do  not  thrive  when  kept  under 
laboratory  conditions,  wrote: 

"This  fact,  of  which  I  am  fully  aware,  has  been  already  emphasized  in 

one  of  our  publications Still  it  also  remains  a  fact  that  as  a 

result  of  an  inquiry  into  conditions  existing  in  poultry  farms,  we  are  using 
now  a  mixture  of  chicken  food,  cabbage,  and  charcoal,  the  water  being 
entirely  replaced  by  milk,  thereby  succeeding  in  diminishing  the  mortality 
to  a  very  great  extent,  in  spite  of  the  fact  that  the  birds  are  kept  in 
small  cages." 

The  experience  which  we'  reported  in  feeding  young  chicks  on 
selected  rations  encouraged  us  to  make  further  attempts  to  as- 
certain the  conditions  under  which  these  birds  can  be  used,  if 
possible,  in  the  laboratory  for  the  study  of  the  factors  essential 
for  their  nutrition  during  growth.  Two  of  the  chickens,  Nos. 
5  d^  and  6  c?*,  reported  in  our  earUer  paper  at  the  age  of  81 
days,  subsequently  attained  maximum  body  weights  of  over  6 
pounds — 2,760  and  2,915  gm.  respectively  at  the  age  of  309 
days.  Their  plumage  was  well  developed,  their  appearance  ex- 
cellent, and  both  proved  fertile.  During  a  period  of  almost  a 
year  they  were  kept  in  cages  not  over  2x2x2  feet,  were  never 
removed  from  the  laboratory,  and  never  received  any  green 
fodder.     Photographs  taken  at  the  age  of  322  days  are  appended. 

During  the  period  of  these >  experiments  the  protein  concen- 
trates fed  were  corn  gluten,  cottonseed  flour,  soy  bean  flour,  and 
casein.  "Protein-free  milk*'  and  butter  fat  were  used  as  sources 
of  *  Vitamines."  Starch,  lard,  and  ferric  citrate  also  entered  into 
the  diet.     An  abundance  of  water  and  grit  was  always  furnished. 

Since  these  rations  contained  no  roughage  we  early  trained 
these  chicks  to  eat  the  blotting  paper  with  which  the  bottoms  of 
their  cages  were  lined.  The  importance  of  an  adequate  supply  of 
roughage  seems  to  have  been  overlooked  by  those  who  have  at- 

*  Funk,  C,  /.  Biol.  Chem.,  1916,  xxvii,  3,  footnote. 

» Osborne,  T.  B.,  and  Mendel.  L.  B.,  J.  Biol.  Chem.,  1916,  xxvi,  293. 
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tempted  to  raise  chickens  in  confinement;  and  the  good  effects 
which  appeared  to  result  from  the  use'  of  paper  fiber  have  led  us  to 
continue  to  feed  it  in  the  form  of  blotting  paper  or  moist  paper 
pulp  in  our  subsequent  experiments  with  chickens.  It  is  sur- 
prising with  what  avidity  large  quantities  of  paper  were  eaten, 
full  grown  birds  consuming  daily  a  sheet  of  blotting  paper  nearly 
2  feet  square.  By  supplying  this  cellulose  material  the  use  of  the 
more  complex  forms  of  roughage,  as  grass,  straw,  etc.,  was 
avoided.  It  is  possible  that  the  emplojrment  of  plenty  of  oat 
straw  litter  by  poultrymen  has  its  advantage  in  the  supply  of 
roughage  thus  furnished  rather  than  in  the  exercise  which  it  is 
generally  supposed  to  stimulate. 

Out  of  ten  3  weeks  old  White  Leghorn  chicks  similarly  put  on 
various  experimental  rations  and  deprived  of  all  green  food,  four 
attained  a  considerable  size.  Photographs  of  two'of  these  are 
shown  at  an  age  of  271  days  and  weights  of  1,520  gm.  (3.3  poimds, 
cockerel)  and  1,130  gm.  (2.5  pounds,  pullet)  respectively.  The 
pullet  later  reached  a  weight  of  1,370  gm.  (3  pounds)  at  an  age 
of  298  days.  The  cockerel  crowed  vociferously  and  the  pullet 
laid  two  eggs  while  under  observation.  Most  of  the  other  chick- 
ens of  this  lot,  however,  developed  the  characteristic  inability 
to  use  their  legs.  Nevertheless  many  of  them  continued  to  gain 
weight  in  spite  of  the  fact  that  they  were  almost  entirely  help- 
less. It  is  possible  that  these  individuals  did  not  acquire  the 
habit  of  eating  enough  of  the  paper  fiber  and  consequently  their 
digestions  became  impaired  with  the  subsequent  development  of 
"weak  legs.''  On  diets  where  no  com  or  other  material  furnishing 
plant  pigments  of  the  xanthophyll  jr  carotin  type  was  present  the 
absence  of  pigmentation  in  the  epidermal  scales  on  the  legs  and 
the  ear  lobes  was  noticeable,  testifying  to  the  well  known  fact 
that  the  coloring  matter  in  theisie  parts  comes  from  the  food. 
Their  combs  and  wattles  were  in  most  cases  anemic. 

The  chicks  thus  far  considered  had  presumably  been  reared 
under  outdoor  conditions  and  were  3  to  5  weeks  old  before  they 
were  selected  for  experiment.  Drunmiond  has  expressed  the  con- 
viction that,  '^The  age  at  which  the  chick  is  brought  imder  the  in- 
fluence of  these  artificial  conditions  is  apparently  the  chief  de- 
termining factor  in  its  subsequent  development,  other  conditions 
being  the  same.**    We  therefore  hatched  a  large  number  of  White 


Digitized  by 


Google 


T.  B.  Osborne  and  L.  B.  Mendel  437 

Leghorn  chicks  in  the  laboratory.  These  were  fed  in  groups, 
in  a  diversity  of  ways,  our  aim  being  to  supply  suitable  pro- 
tein, salts,  and  "vitamines"  of  both  the  water-soluble  and  fat- 
soluble  types.  Green  food  was  never  used.  *' Roughage"  or 
"ballast*'  was  furnished  in  the  form  of  moist  paper  pulp.  Later, 
many  of  the  chicks  ate  in  addition  considerable  quantities  of  the 
blotting  paper  with  which  the  bottoms  of  the  cages  were  covered. 
The  fat-soluble  "  vitamine"  which  probably  is  ordinarily  suppUed 
by  green  food  was  furnished  by  a  Uberal  amount  of  butter  fat 
incorporated  in  the  various  rations  fed. 

It  was  soon  made  evident  in  these  newer  trials  that  chicks 
directly  from  the  incubator  can  reach  several  times  their  initial 
weight,  though  fed  on  the  mixtures  selected  by  us,  quite  as  sat- 
isfactorily as  when  the  experiments  were  begun  with  chicks  3  to 
4  weeks  old.  The  rations  used  contained  all  of  the  nutrients 
which  our  experience  with  rats  had  led  us  to  assimie  might  be 
essential  for  growing  chicks  and  in  fairly  similar  proportions. 
Such  changes  as  were  made  chiefly  involved  the  physical  siate 
of  the  food  and  were  in  accordance  with  the  results  of  our  obser- 
vation of  the  habits  of  these  birds. 

We  are  not  yet  prepared  to  furnish  an  interpretation  of  the 
unUke  growth  made  by  the  chicks  in  the  various  experiments  just 
referred  to.  The  character  of  the  food  mixture  used  was  varied 
80  frequently  that  we  cannot  yet  discuss  this  feature  in  detail. 
It  seems  more  than  fortuitous  that  the  feeding  of  liberal  propor- 
tions of  gliadin  or  wheat  gluten  has  had  a  favorable  influence, 
especially  in  view  of  the  high  esteem  in  which  wheat  is  held  by 
poultr3rmen. 

In  all  our  different  series  a  considerable  nimiber  of  the  chicks 
developed  the  familiar  "weakness  of  the  legs"  that  is  variously 
attributed  to  lack  of  exercise  and  other  factors  incident  to  indoor 
conditions.  By  changes  in  the  diet  or  by  outdoor  conditions  we 
have  as  a  rule  been  imable  to  cure  completely  birds  thus  affected, 
although  some  throve  fairly  well  while  remaining  permanently 
anatomically  defective.  Nevertheless  a  few  of  the  experimental 
chicks  continued  to  grow  under  the  supposedly  adverse  conditions 
of  caging  and  diet,  ultimately  gaining  a  weight  of  more  than  1,250 
gm.  The  appearance  of  two*8Uch  birds  is  shown  in  the  photo- 
graphs taken  at  the  age  of  164  days  and  1,278  ( 9 )  and  1,267  (d^) 
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gm.  of  body  weight  respectively.  Chicken  44  9  laid  eggs  after 
178  days  of  age.  The  male  bird,  No.  57,  reached  a  stage  of  de- 
velopment at  which  it  crowed  like  an  adult. 

Despite  the  small  proportion  of  the  experimental  birds  which 
grew  as  well  as  did  those  here  pictured,  the  success  already 
achieved  in  the  absence  of  dietary  factors  hitherto  assumed  to  be 
essential  for  the  growth  of  chickens,  and  also  imder  supposedly 
adverse  conditions  of  housing,  encourages  us  to  believe  that  all  of 
the  essentials  for  the  nutrition  and  adequate  growth  of  chickens 
imder  laboratory  conditions  can  be  ascertained,  and  that  these 
will  be  controllable  in  much  the  same  way  as  has  proved  possible 
in  the  case  of  other  animals.  The  question  of  "roughage,"  suit- 
able salts,  proteins,  and  food  hormones  needs  to  be  approached 
from  new  angles  in  the  case  of  species  that  have  characteristics 
of  digestion  and  metabolism  and  structural  requirements  some- 
what different  from  those  of  most  mammals. 

EXPLANATION   OF   PLATES. 
Plate  4. 

Figs.  1  and  2.  Photographs  of  Rhode  Island  Red  Chickens  5  cf  and  6  cf 
(shown  at  an  earlier  age  in  our  paper)'  at  the  age  of  322  dayB.  They 
weighed  between  6  and  7  pounds  each. 

Plate  5. 

Figs.  3  and  4.  White  Leghorn  Chickens  11  cf  and  12  9  raised  in  the 
laboratory  without  green  food  from  the  age  of  3  weeks.  The  photographs 
show  them  at  an  age  of  271  days  when  they  weighed  3.3  and  2.5  pounds 
respectively. 

Plate  6. 

Figs.  5  and  6.  White  Leghorn  Chickens  44  9  and  57  d^  raised  in  the 
laboratory  without  green  food  from  the  time  they  were  a  day  old.  The 
photographs  show  them  at  the  age  of  164  days  when  they  weighed  2.8 
pounds,  each. 


Digitized  by 


Google 


THE  JOURNAL  OF  BIOLOGICAL  CHEMISTRY.  VOL.  XXXIII.  PLATE  5. 


Fig.  3. 


Fig.  4. 
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THE  EFFECTS  OF  ELECTROLYTES  ON   GELATIN  AND 
THEIR  BIOLOGICAL  SIGNIFICANCE. 

n.    THE  EFFECT  OF  SALTS  ON  THE  PRECIPITATION  OF  ACID 
AND  ALKALINE  GELATIN  B7  ALCOHOL.    ANTAGONISM. 

By  W.  O.  FENN. 

(From  the  Laboratory  of  Plant  Phynology,  Harvard  University,  Cambridge,) 

(Received  for  publication,  January  14,  1918.) 

In  a  previous  paper^  the  writer  described  a  method  for  study- 
ing the  effects  of  electrolytes  on  gelatin  which  was  found  to  pos- 
sess many  advantages.  It  consisted  essentially  in  adding  95  per 
cent  alcohol  to  5  cc.  of  a  gelatin-electrolyte  mixtiu*e  until  an 
opaque. precipitate  was  produced.  The  number  of  cc.  of  alcohol 
required  to  produce  this  precipitate  was  referred  to  as  the  "alco- 
hol number"  of  gelatin.  It  can  be  quickly  and  acciu^ately  deter- 
mined and  is  siu*prisingly  sensitive  to  small  variations  in  the 
electrolyte  content. 

The  separate  effects  of  acids,  alkalies,  and  salts  on  the  alcohol 
niunber  of  gelatin  have  already  been  described.  The  present 
paper  deals  with  the  effect  of  salts  when  combined  with  acids  and 
alkalies.  The  effect  of  mixtures  of  two  salts  will  form  the  subject 
of  a  later  paper. 

There  is  need  in  biology  for  a  complete  knowledge  of  the 
equiUbrium  between  salts  and  acid  proteins  or  alkaline  proteins, 
especially  in  view  of  the  antagonistic  action  of  salts  and  acids 
in  their  effects  on  organisms,  as  described  by  Loeb,*  by  Osterhout* 
and  by  others.  There  is  no  evidence  of  antagonistic  action  between 
salts  and  alkalies  in  biological  work,  so  far  as  the  writer  is  aware. 
Instances  of  antagonism  between  salts  and  both  alkalies  and  acids 
are,  however,  numerous  in  investigations  on  the  physical  chem- 
istry of  protein  solutions. 

» Fenn,  W.  C,  J,  Biol.  Chem.,  1918,  xxxiii,  279. 

«  Loeb,  J.,  Arch,  ges.  PhyaioLf  1899,  Ixxv,  303.    Loeb,  J.,  and  Waste- 
neys,  H.,  Biochem.  Z.,  1911,  xxxiii,  489;  1912,  xxxix,  167. 
*  »  Osterhout,  W.  J.  V.,  /.  Biol,  Chem.,  1914,  xix.  517. 
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Thus  Pauli*  found  that  anions  were  most  effective  in  counteracting  the 
effects  of  acids  on  the  coagulation  temperature  of  egg  white.  Pauli  and 
Handovsky*  reported  that  anions  were  about  equally  effective  in  decreas- 
ing the  viscosity  of  alkaline  albumin,  while  the  bivalent  cations  were 
more  effective  than  the  monovalent  cations.  Pauli*  concluded  that  acids 
and  alkalies  ionise  proteins  and  that  neutral  salts  prevented  this  ioniia- 
tion.  Hopkins  and  Savory^  investigated  the  action  of  salts  on  the  Benee- 
Jones  protein  from  pathological  urine.  The  protein  coagulates  at  55*H3. 
but  dissolves  again  at  lOO^C.  in  the  presence  of  salts.  The  following  re- 
lations obtained  for  this  effect  of  the  salts:  CaCls>NatS04  in  acid  solu- 
tion, NajS04  >CaCl2  in  alkaline  solution,  and  NaiS04  =  CaCU  in  neutral 
solution.  Chick  and  Martin*  added  neutral  salts  to  acid  and  alkaline  gela- 
tin and  found  a  lowering  of  the  H  and  OH  concentration  respectively  by 
measurements  with  a  concentration  cell.  In  acid  albimiin  the  polyvalent 
anions  were  most  effective  in  this  respect;  in  alkaline  albumin,  the  poly- 
valent cations.  Fischer*  measured  the  swelling  of  gelatin  in  the  pres- 
ence of  acid-salt  mixtures  and  found  that  the  effectiveness  of  the  anions 
in  hindering  swelling  by  HCl  increased  in  the  order  of  the  l3n[>tropic  series, 
while  the  effectiveness  of  the  cations  increased  with  the  valence.  NaCl 
was  found  to  antagonize  both  acids  and  alkalies.  The  most  important 
step  in  reaching  an  understanding  of  the  antagonism  between  salts  and 
acids  was  made  by.  Procter*  <>  who  investigated  the  HCl-NaCl-gelatin 
equilibrium  in  order  to  throw  light  on  the  strong  dehydrating  action  of 
NaCl  when  used  by  tanners  on  the  acid  tissues  of  hides. 

In  the  baking  industry  it  is  commonly  understood  that  a  flour  with  a 
high  percentage  of  ash  gives  a  stronger  gluten  in  baking  than  one  with  a 
low  percentage.  This  is  attributed  to  the  action  of  the  salts  of  the  flour 
in  antagonizing  the  weakening  effect  on  the  gluten  of  the  acids  of  fer- 
mentation. Hard  water  is  also  known  to  give  a  stronger  gluten  for  the 
same  reason.  Salt  is  often  added  to  overfermented  dough  to  **  neutralize*' 
its  acid.    This  fact  has  been  established  by  Wood  and  Hardy." 

Other  instances  of  antagonism  between  acids  and  salts  will  be  given 
in  a  later  paper  on  the  precipitation  of  proteins  in  mixtures  of  elect roljrtee. 

From  the  writer^s  experiments  the  following  conclusions  can  be 
drawn  concerning  the  antagonistic  eflfect  of  salts  on  acids  and 
alkalies  in  gelatin. 

♦  Pauli,  W.,  Beitr,  chem.  Physiol,  u.  Path,,  1907,  x,  63. 

» Pauli,  W.,  and  Handovsky,  H.,  Biochem.  Z.,  1910,  xxiv,  239. 

•  Pauli,  Z.  Chem.  u.  Ind.  Kolloide,  1910,  vii,  241. 

^  Hopkins,  F.  G.,  and  Savory,  H.,  J,  Physiol.,  1911,  xlii,  189. 

» Chick,  H.,  and  Martin,  C.  J.,  Kolloidchem.  Beihefte,  1913,  v,  49. 

•Fischer,  M.  H.,  Kolloid-Z.,  1915,  xvii,  1. 

»<»  Procter,  H.  R.,  /.  Chem.  Soc.,  1914,  cv,  313.  Procter,  H.  R.,  and 
Wilson,  J.  A.,  ibid.,  1916,  cix,  307. 

"  Wood,  T.  B.,  and  Hardy,  W.  B.,  Proc.  Roy.  Soc,,  Series  B,  190S, 
Ixxxi,  38. 


Digitized  by 


Google 


W.  0.  Fenn 


441 


1.  Salts  with  monovalent  ions  (like  NaCl)  decrease  the  eflFect 
of  both  acids  and  alkalies  in  gelatin. 

2.  Salts  with  bivalent  (like  CaCU)  or  trivalent  cations  de- 
crease the  eflFect  of  alkalies  on  gelatin  but  increase  the  eflfect  of 
acid,  except  in  high  concentrations  of  salt  or  acid,  where  the 
effect  is  decreased. 

3.  Salts  like  Na2S04  with  bivalent  or  trivalent  anions  de- 
crease the  eflFect  of  acids  on  gelatin  but  increase  the  eflFect  of 
alkalies,  except  in  high  concentrations,  when  the  greater  the  con- 
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FiG.  1.  Curves  showing  the  effect  on  the  alcohol  number  (ordinates)  of 
increasing  concentrations  of  acetic  acid  (abscissse)  in  gelatin  dissolved  in 
water  (control)  and  various  sodium  salts,  all  0.125  m.  The  sodium  salts 
antagonize  the  effect  of  the  acetic  acid  and  make  precipitation  by  alcohol 
possible  even  in  strong  acetic  acid.    (See  Table  I.) 

centration  of  either  salt  or  alkali,  the  less  the  alcohol  necessary 
for  precipitation. 

The  eflfect  of  various  sodium  salts  on  gelatin  plus  acetic  acid  is 
illustrated  in  Fig.  1  and  Table  I.  Acetic  acid  alone  entirely 
prevents  the  precipitation  of  gelatin  by  alcohol  except  in  com- 
paratively low  concentrations.  In  the  presence  of  sodium  salts, 
0.125  m,  however,  precipitation  b}'  alcohol  is  possible  even  in 
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Effect  of  Electrolytes.    II 


high  concentrations  of  acetic  acid.  NaCI,  for  example,  has, 
therefore,  decreased  the  effect  of  acetic  acid  on  the  alcohol  num- 
ber of  gelatin.  But  acetic  acid  has  increased  the  effect  of  NaCl. 
Is  this,  then,  a  case  of  antagonism? 

Osterhout  has  defined  two  eIectrol3rtes  as  antagonistic  when 
their  combined  effect  is  less  than  the  additive  effect,  the  additive 
effect  being  the  effect  of  the  combination  if  each  salt  acts  indc- 

TABLE  I. 

Antagonimn  between  Acetic  Acid  and  Sodium  ScUte  in  Their  Action  on  the 
Precipitation  of  Gelatin  by  Alcohol. 


CoDoentra- 

Co.  alcohol  to  precipitate  in  gelatin  plus 

tion 

of  acid. 

HfO 

NaCl 

NaNC 

Na  acetate. 

Na.SO« 

Na  citrate. 

M 

4.17 

No.  ppt. 

16.2 

14.35 

13.1 

4.7 

9.3 

2.08 

«       t< 

15.4 

15.4 

12.0 

6.1 

9.0 

1.04 

«       « 

14.4 

13.9 

10.4 

6.6 

8.2 

0.62 

«         u 

12.8 

12.4 

9.0 

6.8 

7.7 

0.26 

14.35 

11.2 

10.9 

7.9 

6.9 

7.4 

0.13 

10.95 

9.75 

9.55 

7.1 

7.0 

7.5 

0.065 

8.85 

8.8 

8.6 

7.0 

7.1 

7.8 

0.032 

7.3 

7.9 

7.8 

6.8 

7.1 

8.0 

0.016 

6.15 

0.008 

5.15 

0.004 

4.5 

O.Q 

4.25 

6.85 

6.75 

7.0 

7.1 

8.7 

The  first  column  shows  the  concentration  of  the  acetic  acid  in  the  gela- 
tin before  adding  alcohol.  The  succeeding  columns  show  the  number  of 
cc.  of  95  per  cent  alcohol  which  were  necessary  to  produce  a  precipitate 
in  5  cc.  of  the  acetic  acid  solution  plus  HsO-gelatin,  NaCl-gelatin,  etc 
In  all  cases  the  salt  concentration  was  kept  constant  at  0.125  m,  while  the 
concentration  of  acetic  acid  varied.  3  per  cent  gelatin  B  was  \ised  through- 
out, and  all  the  tubes  stood  over  night  at  26^0.  before  adding  alcohol. 
The  results  of  two  determinations  were  averaged  for  each  point.  (See 
Fig.  1.) 

pendent  of  the  presence  of  the  other."  This  is  of  course  the 
ideal  criterion  for  antagonism.  In  the  case  of  gelatin,  however, 
it  is  frequently  not  easy  to  apply  because  the  eflfect?  of  the  vari- 

1'  For  criteria  of  antagonism  in  biological  work  and  the  determination 
of  the  additive  effect  see  Osterhout,  Bot.  Gaz.,  1914,  Iviii,  178;  1915.  Ix, 
228. 
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ous  electrolytes  when  each  is  used  alone  are  quite  different  and 
their  dilution  curves  are  so  dissimilar  that  the  additive  effects  are 
difficult  to  determine.  When  the  additive  effect  is  not  known, 
it  is  safe  to  say  that  antagonism  exists  if  the  observed  effect  is  less 
than  that  produced  by  the  most  strongly  acting  electrolyte  in  the 
absence  of  the  others  (and  in  the  same  concentration  in  which 
it  exists  in  the  combination).  When  the  observed  effect  is 
greater  than  this,  there  may  still  be  some  antagonism  but  it  is 
very  slight.  This  criterion  will,  therefore,  be  used  throughout 
this  paper  in  determining  whether  or  not  two  electrolytes  are 
antagonistic  in  their  effects. 

Returning  to  Fig.  l,.the  conclusion  may  be  drawn  that  acetic 
acid  is  antagonized  by  sodium  salts,  the  bivalent  SO4  ion  and  the 
trivalent  citrate  ion  being  most  effective,  and  the  acetate,  which, 
like  the  citrate,  yields  an  alkaline  solution  by  hydroljrsis,  being 
more  effective  than  the  nitrate  or  chloride. 

This  experiment  (Fig.  1)  was  designed  to  elucidate  by  means 
of  gelatin  an  experiment  of  Loeb,^  where  0.125  m  sodium  salts 
was  found  to  prevent  the  penetration  of  acetic  acid  into  the  egg 
of  Fundvlus.  The  order  of  effectiveness  found  by  Loeb  was 
S04>acetate,  C1>N08. 

The  relations  of  Na^SOi  to  acid  and  alkaline  gelatin  are  illus- 
trated in  Fig.  2.  In  this  experiment  the  effect  of  increasing 
concentrations  of  Na2S04  on  gelatin  dissolved  in  HCl,  NaOH, 
and  water  was  determined  by  the  alcohol  method.  The  effect  of 
Na2S04  on  gelatin  plus  HCl  is  found  to  pass  through  a  minimum. 
This  minimum  is  probably  an.  isoelectric  point  due  to  the  neutrali- 
zation of  the  effect  of  the  H  ions  by  the  SO4  anions.  The  pro- 
portions of  SO4  to  H  at  this  point  are  as  100:  30.  Antagonism 
is  shown  by  the  fact  that  the  combined  effect  of  Na2S04  and 
HCl  at  the  minimum  is  less  than  that  of  the  HCl  alone.  Na^SOi 
and  HCl  arcy  therefore,  antagonistic  in  their  effects  on  gelatin,  at 
least  in  certain  concentrations. 

The  effect  of  Na2S04  on  gelatin  plus  NaOH  is  seen  (Fig.  2  and 
Table  II)  to  pass  through  a  maximum  and  subsequently  fall  off. 
The  effect  of  Na2S04  alone  is  shown  in  the  dotted  line.  At  no 
point  is  the  combined  effect  of  Na2S04  and  NaOH  less  than  the 
effect  of  either  alone.     Therefore  in  low  concentrations  at  least 

"  Loeb,  /.  Btoll  Chem.,  1915,  xxiii,  139. 
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Fig.  2.  Curves  showing  the  effect  of  increasing  concentrations  of 
XaiS04  (abscissffi)  on  the  alcohol  number  of  gelatin  plus  NaOH  0.015  m, 
HCl  0.013  M,  and  water  (dotted  line).  The  proportions  of  SO4  to  H  at  the 
minimum  of  the  HCl  curve  are  100:  30.  NajSO^  is  antagonistic  to  HCl 
but  not  antagonistic  to  NaOH  in  small  concentrations.    (See  Table  II.) 

TABLE  n. 
Effect  of  Not/SOi  on  the  Alcohol  Number  of  Gelatin  plu8  HCl  and  NaOH, 


Concentration  of 

Co.  alcohol  to  precipitate  in  gelatin  plus 

NatSO*. 

HiO 

HCl.  0.013  M 

NaOH.  0.015  m 

0.5 

3.1 

4.9 

4.5 

0.25 

4.6 

7.25 

7.1 

0.125 

7.1 

9.6 

9.6 

0.0625 

8.3 

10.2 

10.8 

0.0312 

8.2 

10.4 

12.2 

0.0156 

7.7 

9.3 

13.3 

0.0078 

5.8 

6.5 

14.5 

0.0039 

5.1 

5.5 

13.2 

0.00195 

4.3 

5.9 

9.2 

0.00097 

4.1 

6.5 

7.75 

0.00048 

3.95 

6.9 

7.1 

0.0 

3.9 

7.2 

6.4 

3  per  cent  gelatin  C  which  stood  over  night  at  26**C.  before  adding 
alcohol.  Gelatin  C  is  not  so  pure  as  gelatin  B.  Other  details  as  in  Table 
I.     (See  Fig.  2.) 
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NaOH  and  NoiSO^  are  not  antagonistic.  Their  relations  in  higher 
concentrations  are  like  those  for  Nag  citrate  and  4^aOH  in  Fig.  3. 

To  determine  the  effects  of  higher  concentrations  of  Nas  citrate 
and  NaOH  on  gelatin,  the  effect  of  increasing  concentrations  of 
Naa  citrate  was  determined  for  gelatin  made  up  in  water,  and  in 
six  concentrations  of  NaOH.  The  results  for  four  of  these  con- 
centrations and  for  water  are  plotted  in  Fig.  3  (see  Table  III). 
The  concentrations  of  Nas  citrate  used  are  plotted  on  the  ab- 
scissae and  the  concentrations  of  NaOH  simultaneously  present 
in  the  gelatin  are  inserted  on  the  curves.  In  the  concentrations 
of  NaOH  chosen,  no  precipitate  could  be  produced  with  alcohol 
unless  Nas  citrate  was  also  present  in  suflScient  amount.  The 
more  Naa  citrate  there  is  present  the  easier  it  is  to  precipitate. 
This  shows  antagonism.  At  points  A  and  B,  moreover,  the  com- 
bined effect  is  less  than  the  effect  of  either  Naj  citrate  or  NaOH 
alone  in  those  concentrations.  An  examination  of  the  ordinates 
at  B  shows  that  small  amounts  of  NaOH  increase  the  alcohol 
number  of  gelatin  plus  Nas  citrate,  but  larger  amounts  decrease 
it.  This  is  in  agreement  with  the  fact  that  small  amounts  of 
NaOH  hinder  the  precipitation  of  gelatin  by  Na2S04  and  Nas 
citrate,  while  larger  amounts  favor  it.^*  Conversely,  it  may  be 
inferred  from  this  figure,  taken  in  conjunction  with  the  experi- 
ments in  Fig.  2,  that  small  amounts  of  NaaSO,  or  Nas  citrate 
increase  the  alcohol  number  of  gelatin  plus  NaOH,  while  higher 
concentrations  decrease  it. 

From  this  experiment  the  conclusion  may  therefore  be  drawn 
that  NozSO^  and  NaOH  are  not  antagonistic  in  weak  concentra- 
tions  {of  both)  but  that  they  are  antagonistic  in  higher  concentrations. 

In  Fig.  4  and  Table  IV  are  shown  the  effects  of  increasing  con- 
centrations of  CaCU  on  the  alcohol  niunber  of  gelatin  dissolved 
in  water,  NaOH,  and  acetic  acid.  In  NaOH,  the  curve  passes 
through  a  sharp  minimum.  This  is  due  in  part  at  least,  to  the 
formation  of  Ca(0H)2,  a  small  amount  of  which  precipitated. 
It  is  probable  that  there  is  also  some  residual  antagonistic  effect 
upon  the  gelatin.  In  their  relations  to  alkaline  gelatin  MgCU 
and  AlClg  behave  like  CaCl2,  the  curves  passing  through  similar 
minima.    In  acid  gelatin,  however,  MgCl2  behaves  more  like 

^*  Figures  for  this  will  appear  in  a  subsequent  paper  on  the  precipita- 
tion of  gelatin  by  mixtures  of  electrolytes. 
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NaCl  because  it  fails  to  give  the  sharp  maximum  which  CaClj 
gives  in  its  effect  on  acetic  acid-gelatin,  as  shown  in  Fig.  4. 

A  sharp  maximum  like  that  shown  for  CaCU  plus  acetic  acid 
has  been  shown  to  be  characteristic  of  the  effects  of  acid  alone 
on  the  alcohol  number  of  gelatin.  It  is  not  found  in  the  pure 
CaCU  curve  as  shown  by  the  dotted  Une.  Furthermore,  an  ex- 
amination of  these  curves  reveals  the  fact  that  at  no  point  is  the 
combined  effect  of  CaCU  and  acetic  acid  less  than  the  effect  of 
either  CaCU  or  acetic  acid  alone.  CaCU  and  acetic  acid,  at 
least  in  small  concentrations,  are  not  antagonistic  in  their  effects. 

TABLE  III. 
Effect  of  Sodium  Citrate  on  the  Alcohol  Number  of  Gelatin  pliis  NaOH. 


Concentra- 

Co. alcohol  to  precipitate  in 

gelatin  plus  NaOH. 

tion  of 

Naa  citrate. 

0.0  m 

0.0235  M 

0.047  m 

O.OMM 

0.127  m 

0.2MM 

0.508  m 

M 

0.28 

6.4 

7.0 

6.5 

6.5 

6.6 

6.1 

5.6 

0.14 

8.8 

9.7 

9.6 

8.9 

8.9 

7.9 

7.1 

0.07 

10.0 

14.7 

13.7 

12.4 

13.6 

10.7 

9.4 

0.035 

10.9 

24.4 

22.0 

17.8 

16.5 

14.6 

12.6 

0.0175 

11.5 

No  ppt. 

30.0+ 

No  ppt. 

22.7 

22.8 

17.8 

0.0087 

10.7 

«      « 

No  ppt. 

«      « 

32.0+ 

30.0 

30.0 

0.0043 

«      it 

«      i< 

it     it 

No  ppt. 

No  ppt. 

No  ppt. 

0.0 

4.5 

«      « 

«      « 

it     it 

it     tt 

tt     it 

tt     tt 

2  per  cent  gelatin  A  for  15  to  20  hours  at  30°C.  before  adding  alcohol. 
Other  details  as  in  Table  I.     (See  Fig.  3.) 

In  higher  concentrations  of  CaCU,  however,  it  is  antagonistic 
to  acids.  Thus  Fig.  5  and  Table  V  show  that  acetic  acid  com- 
pletely prevents  the  precipitation  of  gelatin  by  alcohol  in  con- 
centrations greater  than  0.1  m  (see  dotted  Une  in  the  H2O  cm-ve) 
but  that  when  CaCU  1.5  m  is  als6  present,  precipitation  is  pos- 
sible even  in  high  concentrations  of  acetic  acid.  A  comparison 
of  this  result  with  the  acetic  acid  curves  in  gelatin  plus  sodium 
salts  (Fig.  1)  shows  that  although  CaCU  does  antagonize  acids 
it  is  very  much  less  effective  in  this  respect  than  are  the  sodium 
salts,  particularly  those  with  polyvalent  anions. 

In  low  concentrations,  therefore,  CaCk  is  not  antagonistic  to 
4xcid8  biU  in  higher  concentrations  it  is. 
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This  experiment  is  of  particular  interest  from  the  biological 
point  of  view,  since  Loeb*^  has  found  that  the  effectiveness  of 
cations  in  hindering  the  penetration  of  acetic  acid  into  the  e^  of 
Fundulus  increases  with  the  valence,  and  this  result  is  contrary 
to  the  suggestion  that  antagonism  is  due  to  oppositely  charged 
ions.  While  this  result  cannot  be  paralleled  in  gelatin  by  the 
alcohol  method,  the  experiment  recorded  in  Fig.  5  shows  with- 
out a  doubt  that  antagonism  between  acids  and  salts  with  biva- 

CC.   ALC.   TO   PPT, 
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Fig.  4.  Curves  showing  the  effect  of  CaCls  on  the  alcohol  number  of 
gelatin  plus  NaOH  and  acetic  acid.  CaCls  is  antagonistic  to  NaOH  but 
not  antagonistic  to  acetic  acid.     (See  Table  IV.) 

lent  cations  is  possible  in  gelatin.  The  writer*  has  also  found 
that  CaCU  1.5  m  will  antagonize  HNO3  and  AICI3  in  the  same  way. 
Fischer^^  has  found,  in  studying  the  swelUng  of  gelatin  in  acids, 
that  the  effectiveness  of  cations  in  hindering  this  swelUng  in- 
creases with  the  valence  of  the  cation.  Thus  he  found  that 
FeCla  hinders  swelling  in  HCl  more  than  CaClj.  This  is  in  ac- 
cord with  Loeb's  results  but  is  the  reverse  of  the  evidence  so  far 
obtainable  by  the  alcohol  method,  where  no  indication  of  antag- 
onism between  HCl  and  AICI3  has  as  yet  been  found.  As  it  is 
impossible  to  follow  the  effects  of  HCl  and  AlCU  by  this  method, 

"  Loeb,  J.  Biol.  Chem.,  1916,  xxvii,  365. 

"  Fischer,  (Edema  and  Nephritis,  New  York,  2nd  edition,  1915. 
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TABLE  IV. 
Effect  of  CaCli  on  the  Precipitation  by  Alcohol  of  Acid  and  Alkaline  Gelatin. 


In  aoetio  acid.* 

In  NaOH.f 

Concentration  of 

Co.  alcohol  to  precipitate  in 
gelatin  plua 

Concentration  of 
CaClj. 

Co.  alcohol  to 
precipitate  in 

CaCls. 

Acetic  acid 
0.037 i  M 

Acetic  acid 
0.0743  M 

gelatin  plus 
NaOH,  0.015  m 

M 

M 

1.5 

15.6 

16.4 

0.25 

9.9 

0.75 

16.0 

17.0 

0.125 

9.1 

0.375 

16.7 

17.8 

0.0625 

7.8 

0.188 

17.2 

18.5 

0.0312 

6.2 

0.094 

17.5 

19.5 

0.0156 

5.2 

0.047 

18.8 

21.5 

0.0078 

5.1 

0.024 

18.6 

27.7 

0.0039 

6.3 

0.012 

16.9 

27.7 

0.00195 

7.6 

0.006 

13.8 

17.1 

0.00097 

8.4 

0.003 

11.4 

14.3 

0.00048 

9.1 

0.0 

8.65 

10.6 

0.0 

11.0 

*  2  per  cent  gelatin  A  for  24  hours  before  adding  alcohol. 
1 3  per  cent  gelatin  B  for  15  hours  at  26**C. 

The  NaOH  and  the  acetic  acid  curves  are  not  strictly  comparable  but 
as  they  are  so  different  there  is  no  confusion  in  plotting  them  together. 
Gelatin  B  was  not  so  pure  a  grade  of  conmiercial  gelatin  as  gelatin  A. 
Data  for  the  eflfect  of  CaClj  on  pure  gelatin  are  given  in  Table  II  of  the 
first  paper  of  this  series  and  are  plotted  with  the  data  of  this  table  in 
Fig.  4.     Other  details  as  in  Table  I. 

except  in  very  low  concentrations,  it  is  possible  that  some 
antagonism  exists.  AlCU  is  certainly  less  effective  in  this  respect, 
however,  than  CaCU. 

In  this  connection,  reference  should  be  made  to  the  conclu- 
sions of  Chick  and  Martin^^  concerning  the  effects  of  acids  and 
alkalies  on  salts  in  albumin  solutions.  They  found  that  small 
amounts  of  NaOH  and  HCl  hindered  the  precipitation  of  albu- 
min by  Na2S04  and  CaCU  respectively,  but  larger  amounts 
favored  it. 

"  Chick  and  Martin,  Biochem.  J.,  1913,  vii,  380. 
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Fig.  5.  Curves  showing  how  strong  concentrations  of  CaCli  (1.5  m) 
make  precipitation  of  the  gelatin  by  alcohol  possible  even  in  high  con- 
centrations of  acetic  acid.    This  shows  antagonism.    (See  Table  V.) 

Fio.  6.  Curves  showing  the  effect  of  NaCl  on  HsO-gelatin  (dotted  line) 
and  NaOH-gelatin.  Antagonism  is  shown  by  the  drop  of  the  NaOH  curve. 
(See  Table  VI.) 

TABLE  V. 
Antagonism  between  High  Concentrations  of  CaClt  and  Acetic  Acid, 


Ao«tioacid.* 

Acetic  acid  in  gelatin  plus  CaQt  1.5  iif 

Concentration  of 
acetic  acid. 

Co.  alcohol  to 
precipitate. 

Concentration  of 
acetic  acid. 

Cc.  alcohol  to 
precipitate. 

M 

** 

0.13 

No  ppt. 

4.17 

19.3 

0.065 

11.6 

2.08 

21.4 

0.033 

9.25 

1.04 

21.7 

0.016 

7.75 

0.52 

20.7 

0.008 

6.85 

0.26 

19.8 

0.0 

4.95 

0.13 

18.2 

0.065 

16.7 

0.0325 

15.7 

0.0162 

15.1 

0.008 

14.1 

0.004 

13.7 

0.0 

13.2 

•  2  per  cent  gelatin  A  over  night  at  3rC. 

t2  per  cent  gelatin  A.  Temperature  regulator  broke  and  the  tem- 
perature varied;  therefore  it  was  not  strictly  comparable.  Other  details 
as  in  Table  I.    (See  Fig.  5.) 
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The  effect  of  NaCI  on  gelatin  dissolved  in  NaOH  is  shown  in 
PMg.  6  and  Table  VI.  The  effect  of  NaCl  on  pure  gelatin  is  a 
gradual  increase  in  the  alcohol  number,  as  shown  by  the  dotted 
line.  Its  effect  on  gelatin  made  up  in  NaOH,  0.015  m,  is  to  de- 
crease the  alcohol  nimiber  until  a  minimum  is  reached,  after 

TABLE  VI. 
Aniagontam  between  NaCl  and  NaOH  in  Their  Effecte  an  Gelatin. 


ConeentratioD  of  NaCl. 

Co.  alcohol  to  preeipitato  in  gelatiii  j>Iub 

HfO 

NaOH.0X)15ii 

M 

0.25 

8.0 

8.45 

0.125 

6.85 

8.05 

0.0625 

6.15 

7.8 

0.0312 

8.1 

0.0156 

9.0 

0.0 

4.4 

10.4 

3  per  cent  gelatin  B.  Stood  over  night  at  26*C.  before  adding  alcohol. 
Other  details  as  in  Table  I.    (See  Fig.  6.) 

which  the  alcohol  number  increases  gradually  as  in  the  pure 
NaCl  curve.  This  shows  antagonism  because  the  combined 
effect  of  NaOH  and  NaCl  is  less  than  the  effect  of  one  of  the 
electrolytes  (NaOH)  alone. 

SUMMARY. 

1.  Monovalent  salts  (like  NaCl)  are  antagonistic  to  both  acids 
and  alkalies  in  all  concentrations. 

2.  Salts  with  bivalent  cations  (like  CaClj)  are  antagonistic  to 
alkalies  but  not  antagonistic  to  acids  (except  in  high  concen- 
trations). 

3.  Salts  with  bivalent  anions  (like  NasSOO  are  antagonistic  to 
acids  but  not  antagonistic  to  alkalies  except  in  high  concentra- 
tions when  the  greater  the  concentration  of  either  alkali  or  salt, 
the  less  the  alcohol  necessary  for  precipitation. 
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.     THE  EFFECT  OF  POTASSroM  BROMATE  UPON 
ENZYME  ACTION. 

By  I.  S.  FALK  and  C.-E.  A.  WINSLOW. 

(From  the  Department  of  Public  Health,  Yale  School  of  Medicine,  New  Haven, ) 

(Received  for  publication,  November  14,  1917.) 

One  of  the  most  recent  important  advances  in  the  practical 
art  of  breadmaking  has  been  the  introduction  into  the  dough  of  a 
mixture  of  mineral  nutrients  known  as  Arkady  Yeast  Food.^ 
This  material,  which  was  devised  in  the  laboratories  of  the  Mellon 
Institute  of  Pittsburg,  includes  salts  of  calcium  and  ammonium 
and  a  minute  amount  (1  part  in  200,000)  of  p>otassium  bromate. 

The  functions  of  calcium  and  ammonium  as  yeast  foods  are 
fairly  well  understood;  but  the  reasons  for  the  favorable  action 
of  the  bromate  remained  somewhat  obscure.  It  seemed  possible 
that  this  salt  might  exert  a  specific  stimulating  action  upon  the 
proteolytic  enzymes  active  in  the  fermentation.  It  had  been 
shown  by  Chittenden  and  his  associates^  that  bromides  in  certain 
dilutions  had  a  marked  accelerating  effect  on  the  action  of  ptyalin, 
pepsin,  and  pancreatin.  Wohlgemuth'  noted  the  same  effect 
on  ptyaUn  and  pancreatin.  More  recently  Thomas*  reports  a 
strongly  stimulating  influence  of  bromides  upon  amylase;  and 
Robertson*^  in  an  exhaustive  study  of  the  action  of  trypsin  on 
casein  notes  a  stimulating  action  of  potassium  bromide.  On  the 
other  hand,  Senter,'  and  Battelli  and  Stern,^  and  Jappelli^  found 

» Allen,  R.  M.,  Baker's  Weekly,  1916,  xviii,  31. 

*  Chittenden,  R.  H.,  and  Painter,  H.  M.,  Tr,  Conn.  Acad.  Arts  and  Sc, 
1885-88,  vii,  60.  Chittenden,  R.  H.,  and  Allen,  S.  E.,  iTnd.,  84.  Chitten- 
den, R.H.,  and  Cummins,  G..W.,  ibid.,  108. 

» Wohlgemuth,  J.,  Biochem.  Z.,  1908,  ix,  10. 

<  Thomas,  A.  M.,  J.  Am.  Chem.  Soc.,  1917,  xxxix,  1501. 

» Robertson,  T.  B.,  J.  Biol.  Chem.,  1906-07,  ii,  317. 

•Senter,  G.,  Z.  physikal.  Chem.,  1903,  xliv,  257. 

^  Battelli.  F.,  and  Stern,  L.,  .\rch.  internal.  Physiol.,  1907,  iv,  465. 

•  Jappelli,  A.,  sitti  XXII  cong.  med.  int.  Roma,  1913,  405. 
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that  oxidizing  enz3ane8  were  inhibited  by  bromides.  All  these 
investigations  were  made  with  rather  strong  concentrations  of 
salts;  and  nothing,  so  far  as  we  are  aware,  has  been  published 
on  the  question  of  the  action  of  bromates  upon  the  en23rmes,  tr3rp- 
sin  and  pancreatin.  An  investigation  of  this  point  was  there- 
fore undertaken  at  the  request  of  the  Ward  Baking  Company  of 
New  York. 

Effects  on  Trypsin. 

The  technique  of  the  trypsin  experiments  was  as  follows:  A 
buffer  solution  was  prepared,  made  up  of  40  cc.  of  0.067  m  K1HPO4, 
10  cc.  of  0.067  M  KH1PO4,  and  50  cc.  of  water;  pH  value  7.1. 
Definite  amounts  of  casein  and  trypsin  were  added  as  stated  in 
the  protocol  of  the  individual  experiments,  and  to  a  series  of 
bottles  of  the  resulting  solution  were  added  varying  amounts  of 
potassiiun  bromate.  The  bottles  were  then  incubated  at  37°C. 
for  the  periods  stated  in  the  protocols. 

At  the  end  of  the  incubation  period  the  amino-acid  content  of 
each  bottle  was  determined  by  the  following  method,  and  the  ex- 
cess produced  by  the  action  of  the  trypsin  found  by  subtracting 
the  amino-acid  content  of  a  control  containing  casein  alone. 
Each  bromate  dilution  was  tested  in  triplicate. 

Method  of  Titration. 

1.  Add  phenolphthalein  to  incubated  solution. 

2.  Add  Ba(OH)i  (saturated  solution)  to  deep  red  color — removal  of 
phosphates. 

3.  Pour  into  graduated  cylinder. 

4.  Hinse  incubation  bottle  with  small  quantity  of  distilled  HsO.    Pour 
rinsings  into  cylinder. 

5.  Make  up  to  100  cc.  with  distilled  HiO. 

6.  Filter  through  paper  into  bottle. 

7.  Measure  off  60  cc.  of  filtrate  and  pour  into  cylinder. 

8.  Neutralize  to  faint  pink  with  0.2  n  HCl. 

9.  Add  0.2  N  NaOH  to  desired  titration  color. 

10.  Add  15  cc.  of  neutralized  ECHO. 

11.  Titrate  with  0.2  n  NaOH  to  same  color  as  in  (9). 

12.  Express  results  in  terms  of  cc.  of  0.2  n  NaOH  to  neutralize  after 
addition  of  neutralized  HCHO. 

In  a  series  experiment,  preserve  control  by  addition  of  CHClj 
and  keeping  in  a  dark  place. 
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The  results  of  check  determmations  m  this  experiment  were  a 
little  irregular,  but  the  tubes  containing  1  part  of  bromate  in 
100,000  showed  a  significant  increase  in  digestion. 

Experiment  II. — June  16,  1917.  2  gm.  of  casein,  0.4  gm.  of  Merck's 
trypsin,  per  100  cc.  of  solution.    Digestion  period,  4)  hours. 


Titration  of  50  oe. 

Solution. 

mcvdM  darins  dice>> 
tion.      Co.  0.3   sr 
NaOH  to  nautrml- 

ise. 

5.2 

Buffer  -h  casein  +  trypsin. 

5.9 
6.0 

6.2 

5.7 

+  KBrO,  1:    10,000 

6.4 
5.8 

5.7 

6.1 

"1:   50,000 

5.9 
6.0 

6.6 

5.9 

"       1:100,000 

6.2 
6.0 

6.4 

6.3 

1:200,000 

6.7 
7.2 

6.2 

6.8 

"       1:300.000 

6.2 

5.8 

5.9 

6.1 

"       1:500,000 

6.0 
5.0 

5.6 

The  results  of  this  experiment  again  show  considerable  indi- 
vidual variations,  but  with  higher  amino-acid  contents  at  bro- 
mate concentrations  of  1  in  100,000  and  1  in  200,000.  the  latter 
being  most  marked. 
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Experiment  ///.—June  29,  1917.  2  gm.  of  Merck's  casein,  0.1  gm.  of 
Fairchild  Brothers  and  Foster's  trypsin,  per  100  cc.  Digestion  period,  3} 
hours. 


Solution. 


Buffer  -h  casein  +  trypsin. 


u  t« 


"         +KBrO,  1:   10,000 


Titration  of  50  co. 


Increase  in  amino* 
acids  during  digee- 
tion.  Cc.  0.2  N 
NaOH  to  neutral- 
ise. 


2.4 

2.0    2.1 
2.0 

2.7 

2.7    2.7 
2.7 


it 

« 

€t 

u 

1:   50,000 

3.3 

3.3    3.3 
3  3 

u 

t< 

tt 

ii 

1:100,000 

3.6 

3.1    3.4 
3.6 

«4 

« 

it 

a 

1:150,000 

4.0 

5  3    4.5 

4.1 

U 

t< 

a 

u 

1:200,000 

2.6 

4.2    3  4 
3.5 

it 

t( 

u 

tt 

1:500,000 

3.0 

2.7    2.7 
2.5 

In  this  experiment  the  digestion  increases  regularly  with  de- 
creasing amounts  of  bromate  to  a  concentration  of  1  part  in  150,000 
and  then  decreases  again  with  further  dilution  of  the  salt.  Here 
as  in  other  experiments  it  appears,  however,  that  even  certain 
high  concentrations  'of  bromate  (1  part  in  10,000)  are  rather 
favorable  than  otherwise  to  the  process  of  enzyme  action. 
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Experiment  /F.— July  13,  1917.  2  gm.  of  Merck's  casein,  0.2  gm.  of 
Fairchild  Brothers  and  Foster's  tr3rpsin,  per  100  cc.  Digestion  period,  3 
hours. 


TitimtionofMoo. 

Solution. 

Incraae  in  amiao- 
acid8diirinc<lic<** 
tion.     C3c  Oi  » 
NaOH  to  neutral- 

iM. 

2.7 

Buffer  +  casein  +  trypsin. 

-.85 
2.7 

2.8 

J.75 

+  KBrO,  1:100,000 

3.0 
3.1 

3.25 

3.0 

"       1:120,000 

3.1 
4.4 

3.85 

3.6 

"       1:140,000 

3.3 
3.6 

4.1 

3.6 

«                "              "                  "       1:160,000 

4.25 
4.1 

4.25 

4.15 

1:180,000 

4.0 
4.2 

5.5 

4.15 

1:200,000 

5.8 
5.8 

4.9 

5.7 

1:250.000 

4.7 
4.0 

4.5 

Again  the  result  is  an  increase  of  enzyme  action  under  the  in- 
fluence of  bromate  up  to  a  concentration  of  1  part  in  200,000. 
In  both  these  last  experiments  the  digestive  action  was  more  than 
doubled  by  the  stimulating  eflfect  of  the  bromate. 
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Effects  on  Pancreatin. 

The  influence  of  bromate  upon  the  action  of  pancreatin  was  * 
next  studied  in  the  same  way.    The  bufifer  solution  in  this  case 
was  made  up  with  50  cc.  of  0.067  m  K2HPO4,  17.5  cc.  of  0.2  n 
NaOH,  and  32.5  cc.  of  water,  giving  an  initial  pH  value  of  10.8. 
The  titration  method  was  the  same  as  outlined  above. 

Experiment  7.— July  30,  1917.    3  gm.  of  Merck's  casein,  0.5  gm.  of 
Merck's  pancreatin,  to  100  cc.    Digestion  period,  5}  hours. 


Solution. 

Increaae  in  amino-acids  in  25 

cc.    Cc.O^NNaOHto 

neutraliie. 

Buffer  + 

if 

casein. 
It 

tt 

0.85 

i< 

"    + 

pancreatin. 

4.00 

{< 

tt 

tt 

4.20 

3.95 

t< 

It 

tt 

3.70 

« 

tt 

tt 

+ 

KBrO, 

1:100 

3.90 

« 

ft 

tt 

tt 

3.45 

3.95 

It 

tt 

tt 

it 

4.45 

tt 

It 

tt 

tt 

1:500 

3.85 

u 

tt 

tt 

tt 

3.60 

3.60 

ti 

tt 

tt 

tt 

3.40 

« 

tt 

tt 

tt 

1:1,000 

2.70 

<r 

tt 

tt 

ft 

3.10 

3.00 

« 

tt 

tt 

tt 

3.10 

It 

tt 

tt 

tt 

1:10,000 

3.70 

tt 

tt 

tt 

tt 

3.35 

3.50 

tt 

tt 

tt 

tt 

3.50 

This  experiment  appears  to  indicate  that  bromate  in  strong 
concentrations  (1 :  100  to  1 :  10,000)  exerts  an  inhjbitive  action 
upon  pancreatin. 


Digitized  by 


Google 


Experiment  F/.— July  30,  1917.    3  gm.  of  Merck's  casein,  0.6  gm. 
Merck's  pancreatin,  to  100  cc.    Digestion  period  4  hours. 


Solution. 

oc.   Ce.  0.2  M  NaOH  to 
neutralize. 

Buffer  +  casein. 
«               « 

0.80 

"    + 

pancreatin. 
tt 

2.95 
2.75 

2.90 

«                       « 

tt 

2.95 

«                      « 

+ 

KBrO,  1:200 

2.85 

«                      ti 

tt 

« 

2.85 

2-80 

«                      « 

tt 

tt 

2.80 

«                      « 

tt 

tt 

1:400 

2.40 

It                      *t 

tt 

tt 

2.60  2.50 

It                      « 

tt 

tt 

2.55 

<i                      It 

It 

tt 

1:600 

2.10 

«                      « 

tt 

tt 

2.35 

2.25 

«                      « 

tt 

tt 

2.30 

tt                      tt 

tt 

tt 

1:50,000 

2.60 

it                      tt 

tt 

tt 

2.35 

2.45 

tt                      *t 

it 

tt 

2.40 

tt                      tt 

tt 

It 

1 :  100,000 

2.50 

tt                      tt 

tt 

tt 

2.65 

2.60 

tt                      tt 

tt 

It 

2.60 

tt                      tt 

tt 

tt 

1:150,000 

3.00 

tt                      tt 

tt 

It 

3.15 

2.95 

tt                      tt 

tt 

it 

2.75 

tt                      tt 

tt 

tt 

1:200,000 

3.45 

tt                      tt 

tt 

tt 

3.50 

3.70 

tt                      it 

tt 

it 

4.10 

it                          u 

tt 

tt 

1:250,000 

3.30 

tt                     it 

tt 

tt 

3.75 

3.55 

tt                     tt 

tt 

tt 

3.55 

Again  the  stronger  bromate  solutions  (1:200  to  1:100,000) 
appear  to  inhibit  the  action  of  the  enzyme,  while  higher  dilu- 
tions (1:200,000  and  1:250,000)  show  a  distinct  increase  in 
digestion  products. 
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Experiment  VII, — ^Aug.  10,  1917.  2  gm.  of  Merck's  casein,  0.5  gin.  of 
^lerck*8  pancreatin  to  100  cc.  In  this  experiment  large  portions  of  the 
solution  (95  cc.)  were  put  up  in  bottles  and  incubated  for  24  hours,  bacterial 
action  being  held  in  check  by  5  cc.  of  toluene  on  the  surface  of  the  liquid 
in  each  bottle.  The  bottles  were  shaken  every  10  minutes  for  the  first  4 
hours. 


Solution. 

Increase  in  amino-acida  tn  25 

00.    Co.  0.2  N  NaOH  to 

neutnUixe. 

Buffer -f- 

casein. 

0.90 

« 

u 

0.90 

0.90 

4< 

« 

0.90 

- 

"     + 

pancreatin. 

4.75 

{< 

« 

tt 

4.70 

4.70 

« 

u 

tt 

4.70 

(( 

« 

"   4-  KBrO, 

1:100 

4.60 

<( 

it 

tt 

tt 

4.50 

4.50 

« 

tt 

it 

tt 

4.40 

t( 

tt 
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462  Enzjone  Action 

The  same  results  are  again  apparent,  slight  inhibition  by 
concentrations  of  1:  100  to  1: 1,000,  and  slight  stimulation  by 
concentrations  of  1:50,000  to  1:500,000. 

CONCLUSIONS. 

1.  Potassium  bromate  appears  to  exert  consistently  favorable 
influence  upon  the  digestion  of  casein  by  trypsin  in  vitro  in  the 
dilutions  studied,  the  action  being  most  marked  at  bromate 
concentrations  of  1  part  in  100,000  to  1  part  in  200,000. 

2.  Potassium  bromate  in  concentrations  of  1  part  or  more  in 
10,000  appears  to  exert  a  slight  inhibitive  influence  upon  the 
digestion  of  casein  by  pancreatin,  while  in  higher  dilutions  (1 
part  in  200,000  or  1  part  in  250,000)  it  appears  to  exert  a  stimu- 
lating action. 
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CELL  PENETRATION  BY  ACIDS, 
IV.    NOTE  ON  THE  PENETRATION  OF  PHOSPHORIC  ACID. 

By  W.  J.  CROZIER. 
Contributions  from  the  Bermuda  Biological  Station  for  Research,  No.  8S. 

(Received  for  publication,  December  12,  1917.) 

I.  Measurements  of  the  relative  speeds  with  which  acids  penetrate 
protoplasm,  as  carried  out  by  different  observers  upon  widely  different 
tissues  containing  natural  indicators,  have  shown  in  general  a  noteworthy 
agreement  with  regard  to  the  way  in  which  the  various  acids  are  arranged 
in  order  of  their  penetrating  ability  (Harvey,  1914;  Crozier,  1916,  a,  6; 
Haas,  1916,  a).  This  must  indicate  some  fundamental  fact  about  the  or- 
ganization of  protoplasm,  since  some  of  the  relations  observed  are  such 
as  might  not  be  predicted.  It  is,  then,  of  interest  to  examine  an  instance 
in  which  minor  disagreement  has  been  found.  The  agreement  referred  to 
obtains  in  acid  solutions  which  are  0.01  N  by  titration,  and  it  has  been 
shown  (Crozier,  1916,  a,  b)  that,  owing  to  the  several  forms  of  the  penetra- 
tion curves,  the  seqtience  of  increasing  penetrating  ability  may  vary  with 
the  concentration  at  which  the  comparisons  are  made;  and  it  was  pointed 
out  that  a  similar  condition  obtained  with  regard  to  comparisons  at  any 
one  hydrogen  ion  concentration.  Any  special  influence  affecting  the  de- 
termination of  the  change  of  indicator  by  a  particular  acid  may  cause  the 
form  of  its  penetration  curve  to  be  different  with  different  tissues,  accord- 
ing to  the  variation  of  this  special  factor.  Thus,  among  other  possibili- 
ties, variations  in  the  composition  of  the  surface  layer  of  the  cell,  or  in  the 
'*  buffer"  conditions  under  which  the  intracellular  titration  takes  place,  or 
variations  in  the  behavior  of  the  different  indicators  used,  might  be  ap- 
pealed to  to  explain  observed  differences  in  the  relative  order  of  penetra- 
tion for  different  tissues;  and  it  might  be  expected  that  an  acid  whose  salts 
have  special  significance  in  connection  with  protoplasm  would  be  one  to 
show  characteristic  variations  from  cell  to  cell. 

Now,  Haas  (1916,  a)  found  that  for  one  kind  of  plant  material  used  in  his 
experiments,  the  petals  of  Browallia,  phosphoric  acid  produced  the  color 
change  signifying  penetration  more  rapidly,  at  0.01  n  H  "^  concentration, 
than  did  oxalic,  tartaric,  lactic,  citric,  or  acetic  acids;  whereas,  with  the 
perianth  cells  of  a  hyacinth,  this  took  place  more  slowly  than  in  oxalic 
acid.  Harvey  (1914)  observed  the  penetration  of  phosphoric  acid,  at  this 
concentration,  to  occur  with  about  the  same  speed  as  malonic  or  tartaric, 
buw  more  slowly  than  with  lactic  or  oxalic. 
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For  the  utilization  of  the  results  of  these  penetration  studies  it  was 
necessary  to  know  something  about  the  action  of  this  acid  upon  the  surface 
of  cells;  so  experiments  were  made  to  determine  its  behavior  with  the  tissue 
of  Chromodaris  zebra;  the  results  throw  some  light  upon  the  factors  which 
may  cause  the  apparent  speed  of  penetration  by  different  acids,  as  ob- 
served by  this  method,  to  vary  in  different  tissues. 

II.  The  technique  in  these  measurements  of  the  penetration 
of  o-phosphoric  acid  was  essentially  as  has  previously  been 
explained  (Crozier,  1916,  a,  6).  Some  observations  were  repeated 
for  certain  acids  giving  penetration  curves  lying  near  that  of 
phosphoric;  these  experiments  sufficed  to  show  that  the  curves 
previously  published  could  be  relied  upon  for  comparison.  Two 
series  of  experiments  were  made  with,  phosphoric  acid,  at  the  same 
time  but  at  different  temperatures.  The  average  penetration 
times  obtained  in  the  two  series,  as  shown  in  Table  I,  differ  to 

TABLE  I. 

The  apparent  time  required  for  the  penetration  of  mantle  tissue  of 
Chromodoris  by  H«P04  at  different  concentrations  and  at  two  temperatures; 
penetration  time  in  minutes;  figures  in  brackets  obtained  only  in  favorable 
cases  (about  75  per  cent). 


Temporature . 

Conoentration,  normal. 

1.84 

0.«7 

0.134 

0.067 

o.ou 

0.010 

0.007 

0.001 

•c. 
24.8 
27.0 

min, 

2.5 
2.2 

min. 

4.2 
3.7 

min. 

5.5 
4.9 

min. 

7.1 
6.0 

min. 

14.3 
13.0 

min. 

[201 
fl8.0) 

a 

oc 

a  degree  which  will  serve  to  illustrate  the  delicacy  of  the  method 
(Fig.  1).  Observations  were  made  at  27.0°  and  at  24.8°;  the  tem- 
perature of  the  sea  water  from  which  the  chromodorids  had  been 
recently  obtained  was  24-25°. 

III.  The  average  apparent  penetration  times  of  phosphoric 
acid,  from  different  concentrations,  are  plotted  ixx  Fig.  2.  It  is 
seen  that  from  low  concentrations  the  penetration  appears  ab- 
normally slow,  in  comparison  with  some  other  acids;  or  that  the 
increase  in  speed  of  penetration  with  higher  concentrations  is 
unusually  rapid.  From  Fig.  2  it  will  be  evident  that  at  any  par* 
ticular  concentration  (e.g.,  0.01  n)  the  apparent  relative  position 
of  phosphoric  acid  in  the  series  will  depend  upon  the  intensity  of 
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Fig.  1.  The  apparent  penetration   of  phosphoric  acid   at  two  tem- 
peratures. 
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Fig.  2.  The  apparent  penetration  of  HsPOj  compared  with  that  of  other 
acids  (27.0**). 
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the  factor  responsible  for  the  rapidly  increasing  slope  of  its  pene- 
tration curve.  This  factor  is  probably  concerned,  in  part,  with 
differences  in  the  kind  and  quantity  of  intracellular  materials 
with  which  the  phosphoric  acid  may  react  to  produce  "buffer" 
substances.  Thus  in  four  tissues  which  are  available  for  com- 
parison, the  penetration  relations  of  H8PO4  appear  as  follows  (at 
0.01  n). 

•  TABLE  II. 


Transition 

Source  of  tissue. 

\ 

point  of 
indicator. 

Order  of  apparent  penetration. 

PH 

Chromodaris. 

5.6 

Oxalic,  lactic  >  malonic  >  tartaric  >  malic.  > 
citric  >  H1PO4  >  acetic. 

Siichopus.  ♦ 

(3.0?) 

Lactic,  oxalic  >  malonic,  tartaric,  HjPOi  > 
malic,  citric  >  acetic. 

Browallia.f 

6.0-5.0t 

H8PO4  >  oxalic  >  tartaric  >  lactic,  citric  > 
acetic. 

Hyacinth,  t 

4.0t 

Oxalic  >  H3PO4  >  tartaric  >  lactic  >  citric, 
acetic. 

•  Harvey,  1914.        f  Haas,  1916,  a.        t  Haas,  1916,  6. 

These  differences  appear  in  further  part  accounted  for  by  the 
greater  density  of  the  Chromodoris  tissue.  The  case  of  HjP04  is 
somewhat  different  from  that  of  caprylic  acid,  whose  penetration 
cannot  be  observed  at  all  by  this  method  because  of  its  relatively 
low  solubility  in  the  aqueous  phase  containing  the  indicator, 
although  saturated  solutions  of  this  acid  will  produce  color  change 
in  water  solutions  of  the  pigment. 

IV.  The  actual  speed  of  protoplasmic  penetration  by  HjPOa  is 
probably  much  greater  than  its  apparent  magnitude.  This  is 
shown  by  the  way  in  which  the  speed  of  diffusion  rapidly  in- 
creases with  increasing  concentration.  In  solutions  of  0.01  n  with 
respect  to  H+,  Haas  (1916,  a)  observed  that  this  acid  penetrated 
about  as  rapidly  as  other  strong  acids  (HCl,  HNOj),  but  less 
rapidly  than  acetic,  formic,  or  lactic  acids.  At  0.056  n  total 
concentration,  H3PO4  solutions  are  about  0.01  n  in  hydrogen  ions. 
From  the  curve  in  Fig.  1  it  is  seen  that  at  this  concentration  the 
penetration  time  of  phosphoric  acid  is  6.4  minutes;  imder  similar 
conditions  the  figures  for  several  other  acids  are:  HCl,  7.6;  HNd, 
8.4;  formic  <  1.0;  lactic,  <  2.0.    The  inward  diffusion  of  HjP04. 
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at  higher  concentrations,  appears,  then,  to  be  somewhat  more  rapid 
than  its  ionization  would  demand. 

The  figures  in  Table  I  show  that  at  dilutions  above  0.01  n  the 
penetration  of  phosphoric  acid  is  not  detectable  with  the  tissue 
used.  It  requires  an  external  concentration  of  0.01  n  acid  to 
aflfect  color  transition.  In  favorable  cases  it  is  found  that  this 
color  transition  occiu^  in  about  18  minutes.  If  this  limiting  con- 
centration is  subtracted  from  all  higher  concentrations  studied,  a 
truer  idea  is  obtainable  of  the  real  penetrating  ability  of  the  acid. 
It  is  necessary  also  to  subtract  from  the  reciprocal  of  each  ob- 
served penetration  time  the  reciprocal  of  that  for  the  limiting 
quantity  of  acid.  This  reduction  is  carried  out  in  Table  III. 
The  same  procedure  has  been  used  with  data  previously  obtained 
for  other  acids,  and  leads  to  some  interesting  conclusions;  it  is 
believed  to  yield  information  concerning  the  primary  action  of 
acids  upon  the  surfaces  or  outer  layers  of  cells,  and  in  the  case 
of  strong  acids  it  can  be  shown  that  the  peculiarities  of  their 
relations  depend  upon  reactions  with  proteins. 

TABLE  III. 
The  corrected  concentrations  and  speeds  of  penetration  for  H1PO4 
(27**).    Concentration,  n;  speed,  —7-  X  10»  (27**). 


Concentration. 

1.000 

Nominal. 

P.  T.' 

1.34 

1.33 

398.6 

0.67 

0.66 

215.5 

0.134 

0.124 

148.5 

0.067 

0.057 

111.5 

0  0134 

0.0034 

20.4 

0.010 

— 

— 

0.007 

— 

— 

Fig.  3  exhibits  the  penetration  relations  of  phosphoric  acid  as 
shown  in  the  corrected  data  (Table  III) ;  measurements  with  HCl 
are  included  for  comparison.  The  significant  feature  of  these 
curves  lies  in  the  fact  that  they  are  composed  of  two  straight  lines, 
representing  the  respective  predominance  of  two  different  proc- 
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-I 

Fig.  3.  The  relation  between  speed  of  tissue  penetration  and  acid  con- 
centration in  solutions  of  HCl  (light  line)  and  H,P04  (heavy  line),  when 
the  formol  concentration  and  apparent  time  of  penetration  have  been 
corrected  for  the  quantity  of  acid  necessary  to  induce  color  change  in  the 
indicator  system  studied  (27.0°). 

esses.    This   general   result  is  also   obtained  with  other  acids. 
Each  part  of  these  plots  follows  an  equation  of  the  form 

log  (  ^  )=  -  log  (concentration 0  —  log  k 


\f,  T/  )     n 


(P,  r.,  observed  penetration  time,  P.  T/j  corrected  penetration 
time,  k  a  constant),  which  is  similar  to  the  Freundlich  formula 
for  the  adsorption  isotherm  and  may  in  fact  be  derived  from  this 
formula  by  the  aid  of  assumptions  such  as  are  commonly  made 
in  applying  it.  The  curves  shown  in  Fig.  3  have,  however,  no 
probable  reference  to  adsorption;  what  they  do  express  is  the  rela- 
tion between  the  concentration  of  acid  external  to  the  tissue  and 
its  ability  to  force  through  the  tissue  a  quantity  of  acid  sufficient 
to  induce  the  intracellular  color  change.  With  HaP04  this  ability 
increases  very  slowly  up  to  a  point  where  the  osmotic  pressure 
of  the  acid  is  adequate  rapidly  to  overcome  the  resistance  to  its 
diffusion,  which  is  produced  in  the  tissue  by  the  acid  itself;  beyond 
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this  point  the  inward  diffusion  of  acid  is  very  rapid,  and  the 
time  for  the  observed  effect  is  nearly  proportional  to  the  dilution 
of  the  acid.  It  may  be  stated  here  that  the  temperature  co- 
efficient of  penetration  speed,  for  this  latter  portion  of  the  curves, 
is  of  the  order  Qio  =  2.0,  indicating  the  chemical  nature  of  the 
principal  factor  governing  the  penetration  (as  might  be  ex- 
pected). The  coagulative  action  of  H3PO4  is  so  great  that  the 
resistance  to  subsequent  diffusion  is  overcome  only  very  slowly 
until  a  high  concentration  of  the  acid  is  used.  From  these  facts 
it  may  be  inferred  that  the  primary  action  of  the  H8PO4  is  more 
intense  than  that,  e.g.,  of  HCl  (at  equal  concentration).  If 
comparison  is  made  at  a  point  in  the  reduced  data  (Fig.  3)  where 
the  Ch-  =  0.01  N,  it  will  be  noticed  that  the  H3PO4  is  slightly 
more  active  than  HCl.  These  considerations  explain  why  the 
apparent  speed  of  penetration  of  H3PO4  from  higher  concentra- 
tions gives  a  more  correct  idea  of  the  primary  effect  of  this  acid 
upon  the  tissue  used;  this  is  not  the  case  with  some  other  acids. 

SUMMARY. 

V.  The  relative  apparent  speed  with  which  HjP04  penetrates 
diflferent  tissues  is  conspicuously  modified  by  the  density  of  the 
cells  concerned,  and  by  the  propor^on  of  "buffer''  substances 
present.  When  the  gross  observations  of  apparent  penetration 
time  are  corrected  by  consideration  of  the  limiting  concentration 
of  acid  inducing  visible  color  change,  it  is  found  that  the  obser- 
vations for  each  acid  fall  upon  two  intersecting  curves  of  the  form: 

1  .      1 

^  =  k  (concentrationO'* 

which  does  not,  however,  have  reference  to  adsorption.  With 
mantle  tissue  of  Chromodoris  the  coagulative  action  of  H3PO4  is 
so  pronounced  that  a  relatively  high  concentration  must  be  used 
before  there  is  marked  acceleration  in  the  speed  with  which  the 
quantity  of  acid  sufficient  to  react  with  the  indicator  is  forced 
to  diffuse  into  the  tissue.  The  primary  (surface)  action  of  H3PO4 
is  greater  than  is  made  evident  by  its  apparent  penetrating  power, 
and  is  also  (probably)  somewhat  greater  than  its  hydrogen  ioni- 
zation would  demand. 

AGAR's   island,  BERMUDA. 
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STUDIES  OF  EXPERIMENTAL  SCURVYo 

n.    THB  INFLUENCE  OF    GRAINS,    OTHER    THAN    OATS,    AND 

SPECIFIC  CARBOHYDRATES  ON  THB  DEVELOPMENT 

OF  SCURVY.* 

By  W.  PITZ. 

(From  the  Department  of  Agricvltural  Chemistry  of  the  University  of 
Wisconsin,  Madison.) 

(Received  for  publication,  January  29,  1918.) 

In  a  recent  publication  from  this  laboratory  McCoUnm  and 
Pitz  (1)  put  forth  the  theory  that  scurvy  in  the  guinea  pig  is  not 
the  result  of  a  deficiency  of  any  specific  protective  substance,  but 
that  it  is  the  result  of  the  absorption  of  toxic  substances  arising 
from  putrefaction  in  the  cecum  due  to  an  undue  retention  of  feces. 
In  the  present  paper  further  proof  is  given  in  substantiation  of 
this  theory. 

Hull  and  Rettger  (2)  showed  with  white  rats  and  also  with 
men  fed  on  a  high  protein  diet  that  the  bacterial  flora  of  the  in- 
testine could  be  changed  from  a  putrefactive  flora  to  an  acido- 
philus flora  by  the  ingestion  of  lactose  in  the  diet.  Other  car- 
bohydrates as  sucrose,  dextrose,  maltose,  dextrin,  levulose,  and 
galactose,  produced  some  change  in  the  intestinal  flora  of  the  rat 
but  the  change  was  not  nearly  so  pronounced  as  in  the  case  of  the 
lactose.  When  lactose  was  fed  with  a  high  protein  diet  the  flora 
was  almost  completely  changed  to  the  acidophilus  type  with  but 
few  or  no  evidences  of  putrefactive  bacteria.  With  the  other 
carbohydrates  used,  both  types  of  bacteria  were  found  but  the 
number  of  putrefactive  organisms  was  decreased  and  the  num- 
ber of  acidophilus  organisms  increased  as  compared  with  the 
flora  of  an  animal  receiving  a  high  protein  diet,  without  the 
addition  of  a  carbohydrate. 

♦  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station. 
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If  scurvy  is  the  result  of  the  absorption  of  putrefactive  products 
arising  from  the  putrefaction  of  feces  in  the  cecum,  then  any  sub- 
stance which  will  improve  or  change  the  intestinal  flora  from  a 
putrefactive  to  an  acidophilus  type  should  prevent  the  onset  of 
the  symptoms  of  scurvy.  In  order  to  test  this  supposition  vari- 
ous groups  of  guinea  pigs  were  fed  oat  meal  and  whole  milk, 
plus  a  carbohydrate. 

Chart  1  shows  the  remarkable  recovery  of  a  guinea  pig  when 
fed  lactose  after  it  had  shown  signs  of  very  severe  sciuvy.  The 
animal  had  swollen  joints  and  was  able  to  move  about  Only  with 
great  diflSculty.  It  was  very  sensitive  and  cried  when  touched. 
When  20  per  cent  of  lactose  was  added  to  the  oats  the  condition 
of  the  animal  was  bettered  in  a  week.  It  gained  in  weight  and 
improved  rapidly.  In  2  weeks  it  was  able  to  walk  about  with 
ease  and  it  soon  became  very  active.  The  knees  alwajrs  remained 
a  little  swollen,  but  otherwise  the  animal  appeared  normal  in  all 
respects.  When  the  animal  was  killed  at  the  end  of  the  19th 
week,  it  showed  no  S3rmptoms  of  scurvy  except  for  the  sli^t 
swelling  of  the  knees.  There  were  no  hemorrhages  at  the  knees 
or  at  the  costochondral  joints  of  the  ribs. 

Chart  2  demonstrates  the  protective  action  of  lactose  in  a  ra- 
tion of  rolled  oats  and  milk.  The  animals  lost  weight  for  about  3 
weeks,  but  at  no  time  did  they  show  any  evidence  that  they  were 
suflFering  from  sciu^vy.  After  the  3rd  week  the  animals  gained  in 
weight,  were  vigorous,  very  sleek  in  appearance,  and  very  active. 
Animal  2  lost  weight  after  the  12th  week  and  died  at  the  end  of 
the  18th  week.  Postmortem  examination  failed  to  reveal  any  of 
the  characteristic  symptoms  of  scurvy  or  the  cause  of  death.  The 
other  animals  were  killed  at  the  end  of  the  20th  week  and  a  post- 
mortem examination  was  made  on  each  one.  They  were  all  in 
excellent  condition,  and  as  far  as  I  was  able  to  determine  they  were 
normal  in  all  respects.  The  lactose  not  only  must  have  changed 
the  intestinal  flora  of  the  tract  as  can  be  assumed  from  the  work 
of  Rettger,  but  in  the  amounts  used  it  acted  to  some  degree  as  a 
laxative.  Since  milk  was  fed  ad  libitum  it  cannot  be  argued  that 
any  specific  substance  was  added  with  the  lactose  which  was  not 
already  present  in  considerable  amounts. 

Chart  3  demonstrates  that  although  10  per  cent  of  lactose  was 
beneficial  to  some  degree  it  was  not  suflScient  to  protect  the  ani- 
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mals  from  scurvy  for  more  than  a  few  weeks  when  fed  rolled  oats 
and  nailk. 

Charts  4,  5,  6,  and  7  show  the  effect  of  feeding  dextrin,  dextrose, 
sucrose,  and  starch  with  the  standard  ration  of  rolled  oats  and 
whole  milk.  In  every  case  some  protection  was  afforded,  al- 
though in  the  case  of  dextrose  the  protection  was  but  slight.  The 
appearance  of  these  animals  was  better  than  that  of  animals  re- 
ceiving only  oats  and  milk,  but  their  appearance  was  not  nearly 
so  good  as  that  of  the  animals  shown  in  Chart  2.  The  growth 
curves  show  considerable  improvement  over  the  growth  curves 
of  animals  receiving  no  additional  carbohydrate  (compare  Charts 
4,  5,  6,  and  7  with  Chart  8).  This  slight  protection  afforded  by 
dextrin,  dextrose,  sucrose,  and  starch  is  explained  by  the  findings 
of  Hull  and  Rettger  as  cited  above  and  also  by  the  work  of 
HirscUer  (3).  The  latter  showed  that,  in  vitro ^  sucrose,  glycerol, 
dextrin,  starch,  and  lactic  acid  completely  prevented  the  forma- 
tion of  indole,  scatole,  and  phenol  over  a  period  of  10  days,  from 
proteins  which  were  inoculated  with  cultures  of  putrefactive  or- 
ganisms. In  the  animal  body  the  same  carbohydrates  did  not 
completely  prevent  the  formation  of  indole,  scatole,  and  phenol 
in  the  feces  of  dogs  fed  a  high  protein  diet,  but  they  did  ma- 
terially decrease  the  amounts  of  these  products  formed  as  com- 
pared with  the  amoimts  found  in  the  feces  of  dogs  fed  a  high 
meat  diet  but  receiving  no  carbohydrates. 

These  results  demonstrate  beyond  a  doubt  that  a  putrefactive 
flora  in  the  intestine  of  the  animal  is  instrumental  in  the  produc- 
tion of  scurvy,  and  that  a  diet  which  will  cause  a  change  in  the 
flora  from  a  putrefactive  type  to  an  acidophilus  type  will  protect 
the  animal  from  scurvy. 

Production  of  Scurvy  by  Grains  Other  than  Oats. 

Lusk  (4)  makes  the  following  statement,  "It  is  important  to 
remember  that  it  has  never  been  demonstrated  that  any  kind  of 
unmilled  grain  will  produce  scurvy."  If  scurvy  is  the  result  of 
the  retention  of  feces,  and  there  can  be  little  doubt  that  such  is 
the  case,  then  any  ration  Which  will  produce  feces  difficult  to 
eliminate  should  produce  scurvy.  It  has  long  been  known  that 
milk  when  taken  in  large  quantities  will  cause  severe  constipa- 
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tion.  This  being  true,  then  any  grain  as  barley,  wheat,  corn 
(maize),  etc.,  when  fed  with  an  abundant  supply  of  milk  should 
produce  scurvy  in  the  guinea  pig.  To  test  this  point  whole  com, 
wheat,  and  barley  were  ground,  and  the  groimd  grains  fed  to 
guinea  pigs  together  with  all  the  milk  they  would  consume. 

Charts  9,  10,  and  11  show  the  results  of  these  experiments.  It 
will  be  noted  that  these  curves  show  decidedly  better  growth  than 
do  the  curves  of  guinea  pigs  fed  on  whole  oats  and  milk  (see  Chart 
12).  The  animals  were  in  better  condition  and  did  not  show 
S3rmptoms  of  scurvy  as  soon  as  did  oat-fed  animals.  The  mor- 
taUty  of  the  animals  receiving  com,  wheat,  or  barley  was  very 
high,  and  postmortem  examination  of  the  animals  that  died 
showed  the  characteristic  lesions  of  scurvy  in  all  but  a  few  cases. 
One  animal  on  the  barley  and  milk  ration  was  still  alive  at  the 
end  of  18  weeks.  This  animal  shows  no  evidence  of  having 
scurvy  at  the  present  time.  From  the  4th  week  to  the  8th  week, 
however,  it  was  in  very  poor  condition  and  showed  signs  of 
sciu-vy,  but  after  the  8th  week  it  slowly  improved  and  at  ibe 
present  time  is  in  excellent  condition.  This  ability  of  an  animal 
that  has  scurvy  to  slowly  recover  without  the  administration  of 
any  remedial  agents  has  been  observed  at  various  times.  It 
occurs  on  different  rations  and  is  probably  due  to  imusual  vigor 
and  resistance  of  the  individual. 

Two  animals  are  still  alive  on  the  com  and  milk  ration,  but 
although  they  are  gaining  in  weight  they  both  have  swollen  knee 
joints  and  are  very  sensitive.  The  coats  are  rough  and  the  ani- 
mals appear  to  be  poorly  nourished,  in  spite  of  the  fact  that  they 
are  gaining  in  weight.  This  abiUty  of  a  sciu*vy  animal  to  gain  in 
weight  has  been  noted  by  Jackson  and  Moore  (5)  in  their  work 
with  guinea  pigs. 

Two  animals  are  alive  on  the  wheat  and  milk  diet  at  the  time 
of  writing  this  paper.  One  of  these.  No.  2,  shows  no  symptoms 
of  scurvy  although  it  has  been  losing  weight  for  the  past  4  weeks. 
The  other  animal.  No.  4,  has  swollen  knee  joints,  walks  with 
considerable  difficulty,  and  shows  signs  of  severe  scurvy. 

The  lower  efficiency  of  rolled  oats  and  whole  oats  as  compared 
with  other  grains  in  the  nutrition  #f  the  animal  is  due  in  part 
to  the  peculiar  property  of  oats  to  produce  very  pasty  feces 
which  are  difficult  to  eliminate.     This  lower  efficiency  of  the  oat 
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kernel,  due  to  its  formation  of  pasty  feces,  when  fed  rats  was 
also  noted  by  McCoUum,  Simmonds,  and  Ktz  (6),  in  their  in- 
vestigation of  the  dietary  deficiencies  of  the  oat  kernel. 

Animals  that  received  com,  wheat,  or  barley  and  milk  were 
protected  from  scm-vy  by  the  addition  of  lactose  to  the  ration. 
With  these  grains,  however,  10  per  cent  of  lactose  when  added 
to  the  grain  was  just  as  effective  in  preventing  scurvy  as  was  20 
per  cent  of  lactose  when  fed  with  oats.  20  per  cent  of  lactose 
when  fed  with  corn,  wheat,  or  barley  caused  abnormal  fermenta- 
tion in  the  tract  of  the  animal  and  caused  the  abdomen  to  be 
greatly  distended  with  gas. 

These  results  show  that  scurvy  can  be  produced  in  the  guinea 
pig  by  feeding  a  ration  of  unmilled  grains  and  milk. 

I  wish  to  thank  Professor  E.  B.  Hart  for  the  many  suggestions 
which  he  offered  and  especially  for  his  suggestion  of  the  feeding 
of  lactose  and  the  various  grains. 
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Chart  1.  This  chart  illustrates  the  remarkable  recovery  of  an  animal 
when  fed  lactose  in  the  ration.  During  the  first  period  the  animal  received 
a  ration  consisting  of  oat  meal  and  a  salt  mixture  and  whole  milk.  The 
salt  mixture  consisted  of  inorganic  elements  in  the  same  proportions  as 
found  in  orange  juice,  but  acetic  acid  was  put  into  the  mixture  in  place 
of  citric  acid.  It  was  shown  in  our  earlier  paper  that  this  same  salt  mix- 
ture, but  containing  citric  instead  of  acetic  acid,  prevented  the  develop- 
ment of  scurvy  in  a  diet  of  rolled  oats  and  heated  carrots.  During  the 
second  period  the  animal  was  given  a  ration  consisting  of  rolled  oats  80 
and  lactose  20,  plus  whole  milk.  At  the  beginning  of  the  lactose  feeding 
the  animal  was  in  a  most  miserable  condition.  It  was  very  weak,  moved 
about  with  great  difficulty,  and  was  very  sensitive.  After  the  lactose  was 
introduced  into  the  ration  the  animal  gained  in  weight  rapidly  and  showed 
marked  improvement.  All  s3Tnptoms  of  scurvy  disappeared  except  for  a 
slight  swelling  at  the  knee  joints.  Postmortem  examination  failed  to  re- 
veal the  characteristic  lesions  of  scurvy. 

Composition  of  salt  mixture. 

9m. 

Ca  citrate 2.261 

MgCl^GHaO 1 .270 

K  citrate 2.578 

XaCl 0.787 

K,HP04 0.837 

Acetic  acid 0.960 

Sucrose ! 8.270 
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Chart  2.  This  record  gives  further  evidence  of  the  beneficial  effects 
resulting  from  the  ingestion  of  20  per  cent  of  lactose  with  an  oat  and  milk 
diet  (compare  with  Chart  8).  All  the  animals  except  No.  2  were  in  excel- 
lent condition  throughout  the  experiment.  Animal  2  was  in  fine  condition 
until  the  12th  week.  At  this  time  the  animal  began  to  lose  weight  and 
became  thin  and  inactive,  but  it  did  not  show  any  lesions  of  8curv>'  either 
when  alive  of  on  postmortem  examination. 


Chart  3.  These  curves  show  that  10  per  cent  of  lactose  was  not  a» 
efficient  in  protecting  the  animals  from  scurvy  as  was  20  per  cent.  Post- 
mortem examination  of  Animals  1,  2,  3,  and  4  showed  lesions  of  scurvy. 
Animal  5  grew  fairly  well  throughout  the  course  of  the  experiment  and 
Qever  showed  any  signs  o'  having  scurvy.  It  was  killed  at  the  end  of  the 
20th  week  and  appeared  to  be  normal  in  all  respects. 
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Chabt  4.  This  chart  shows  the  record  of  animals  fed  on  a  ration  of 
rolled  oats  and  dextrin  prepared  from  cornstarch.  It  is  evident  by  com- 
paring these  curves  with  those  of  Chart  8  that  these  animals  were  bene- 
fited to  a  considerable  degree  by  the  ingestion  of  dextrin  in  the  ration,  but 
they  did  not  do  nearly  so  well  as  did  the  animals  that  received  lactose 
(see  Chart  2).  All  the  animals  died,  but  there  was  a  marked  difference 
in  the  length  of  time  that  the  animals  survived  this  ration.  Animals  2 
and  5,  which  survived  the  longest,  showed  the  most  severe  lesions  of  scurvy. 
Animal  1  did  not  show  symptoms  of  scurvy  on  postmortem  examination. 


Chart  5.  These  animals  received  dextrose  in  the  ration.  They  di<l 
little  better  than  the  animals  that  received  no  carbohydrate,  other  than 
that  contained  in  the  oats  (see  Chart  8).  The  animals  showed  severe 
lesions  of  scurvy.  Two  of  them,  Nos.  4  and  5,  suffered  with  an  unusual 
amount  of  fermentation..  The  cecum  of  all  of  the  animals  on  this  diet 
was  packed  with  feces  that  had  a  very  offensive  odor. 
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Chart  6.  This  chart  illustrates  the  behavior  of  guinea  pigs  fed  on  a 
diet  of  rolled  oats  and  sucrose  and  milk.  The  ingestion  of  sucrose  de- 
layed the  onset  of  the  83rniptoms  of  scurvy  for  a  considerable  time,  but 
eventually  the  animals  all  died  of  scurvy. 
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Chart  7.  These  animals  received  a  ration  of  rolled  oats  and  cornstarch. 
The  starch  afforded  considerable  protection  against  scurvy.  However, 
three  animals  died  of  scurvy  before  the  0th  week  and  all  showed  lesions 
at  this  time.  Animal  1  is  alive  at  the  present  writing  and  .is  in  fair  condi- 
tion. It,  however,  shows  no  outward  signs  of  scurvy.  Animal  2  showi 
distinct  signs  of  scurvy,  but  it  is  maintaining  its  weight. 
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Chart  8.  This  chart  illustrates  the  t3rpica'  behavior  o.'  guinea  pig* 
fed  a  ration  of  rolled  oats  and  whole  milk  ad  libitum.  The  animals  gener- 
ally develop  the  lesions  of  scurvy  from  the  3rd  to  the  4th  week,  but  a 
few  live  longer  than  this  before  they  show  the  symptoms.  Occasionally 
an  exceptional  individual  will  be  found  that  thrives  on  this  ration.  The 
curve  of  such  an  animal  was  given  in  our  first  paper  on  scurvy  (1). 


Chart  9.  This  illustrates  the  behavior  of  guinea  pigs  fed  a  ration  of 
ground  barley  and  whole  milk  ad  libitum.  The  animals  thrive  better 
on  this  ration  than  they  do  on  a  ration  of  whole  ground  oats  and  milk 
(see  Chart  12).  All  the  animals  on  this  ration,  except  No.  3,  showed  signs 
of  scurvy  about  the  4th  week.  Animal  3  did  not  show  lesions  of  scurvy 
at  any  time  and  is  in  excellent  condition  at  this  writing.  It  should  be 
borne  in  mind  that  occasionally  a  guinea  pig  will  thrive  on  an  oat  and 
milk  diet. 
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Chart  10.  Growth  curves  of  animals  fed  a  ration  of  com  and  milk. 
The  animals  did  not  lose  weight  as  rapidly  and  they  lived  longer  than 
did  animals  receiving  barley  and  milk  (see  Chart  9).  The  symptoms  of 
scurvy  were  not  evident  in  these  animals  until  the  5th  and  6th  weeks. 
Animal  5  did  not  show  lesions  until  the  8th  week.  Animals  1  and  5  are 
alive  at  the  present  writing  No.  1  shows  symptoms  of  mild  scurvy,  while 
No.  5  shows  more  pronounced  s3miptoms. 
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Chart  11.  The  animals  in  this  group  received  a  ration  of  whole  wheat 
and  milk.  These  animals  grew  about  as  well  as  did  the  animals  that  re- 
ceived corn  and  milk  (see  Chart  10).  However,  the  animals  in  this  lot 
developed  lesions  of  scurvy  during  the  3rd  and  4th  weeks,  while  those  on 
corn  developed  them  the  5th  to  6th  weeks.  Animal  2  never  showed  any 
evidence  of  having  scurvy  and  it  remained  in  excellent  condition  until  the 
12th  week.  Since  then  it  has  been  losing  weight,  but  it  does  not  show  any 
signs  of  having  scurvy  at  the  present  time.  Animal  4  developed  scurvy 
the  4th  week,  and  from  the  4th  to  the  8th  week  it  was  in  a  miserable  con- 
dition. After  the  8th  week  it  slowly  improved,  but  its  knee  joints  are  still 
swollen  and  it  walks  with  difficulty  and  is  very  sensitive. 
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Chart  12.  Behavior  of  animals  fed  a  ration  of  whole  oats  and  milk 
All  these  animals  developed  scurvy  during  the  3rd  and  4th  week.  They 
failed  rapidly  and  all  but  two  died  at  the  end  of  the  7th  week.  One 
animal  lived  until  the  10th  week. 
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A  CHEMICAL  STUDY  OF  FOOD  FISHES. 

THE  ANALYSIS  OP  TWENTY  COMMON  FOOD  FISHES  WITH  ES- 
PECIAL REFERENCE  TO  A  SEASONAL  VARIATION 
IN  COBfPOSITION. 

By  ERNEST  D.  CLARK  and  LLOYD  H.  ALMY. 

{From  the  Food  Research  Laboratory,  Bureau  of  Chemistry ,  United  States 
Department  of  Agriculture,  Philadelphia.) 

(Received  for  publication,  December  11,  1917.) 

That  a  variation  in  the  composition  of  fish  might  occur  was  recognized 
by  Atwater  (1)  who  analyzed  fifty-two  species,  sometimes  -basing  Ms  re- 
sults on  a  single  specimen,  again  taking  the  average  of  several  samples 
caught  at  short  intervals.  Nine  species  were  examined  at  different  seasons 
of  the  year.  Of  these  only  three  species — blackfish,  mackerel,  and  salmon 
— showed  a  definite  tendency  toward  a  seasonal  variation  in  composition. 

A  study  of  the  recorded  analyses  of  fish  makes  tt  plain  that  a  single 
examination,  even  if  based  on  large  numbers  of  individuals,  cannot  be  ac- 
cepted as  representing  a  typical  composition.  For  example,  the  herring 
shows  a  wide  latitude  in  its  gross  composition,  as  may  be  seen  from 
Table  I,  where  the  moist  fish  ranges  from  19.29  to  30.97  per  cent  of  solids, 
and  from  2.41  to  11.01  per  cent  of  fat.    This  variation  in  the  composition 

TABLE  I. 

The  Percentage  Composition  of  Herring,  as  Determined  by  Various 
Investigators. 


Fish. 

Author: 

1 

1 

1 

i 

1 

1' 

1 

Ptr 

p^ 

per 

per 

per 

per 

cent 

cent 

cent 

cent 

cent 

cent 

Fresh  herring. 

(See  Table  IV). 

77.10 

22.90 

2.41 

1.66 

18.83 

3.03 

«          « 

Kostytscheff  (3). 

76.11 

23.89 

4.89 

1.71 

— 

— 

Little       " 

Almen  (4). 

73.22 

26.75 

5.87 

1.65 

18.83 

3.01 

Herring. 

Buckland  (5). 

80.71 

19.29 

7.11 

2.07 

— 

— 

Smoked  herring. 

K6nig  (6). 

69.49 

30.61 

8.51 

1.24 

21.12 

3.38 

Fresh 

Payen  (7). 

70.00 

30.00 

10.30 

1.90 

— 

— 

i€                           l< 

Atwater  (1). 

69.03 

30.97 

11.01 

1.50 

19.12 

3.06 

483 


Digitized  by 


Google 


484 


Chemical  Study  of  Food  Fishes 


of  herring  has  been  studied  by  Hjort  (2).  It  is  obvious,  therefore,  that  we 
should  know  the  locality  of  the  catch,  the  season  of  the  year,  the  weight 
of  the  fish,  and  also  as  much  of  its  habits  at  the  catching  time  as  possible, 
in  order  to  interpret  anal3rtical  results. 

Polimanti  (8)  has  considered  the  relation  of  habitat  to  the  fat  content 
of  the  flesh  and  is  of  the  opinion  that  the  deep-sea  fish  are  poor  in  fat 
while  the  surface  swinmiing  forms  are  rich.  Aside  from  the  relation  be- 
tween habitat  and  the  content  of  fat,  there  is  undoubtedly  a  close  relation 
between  the  amount  of  fat  stored  in  the  edible  portions  of  the  fish  and  the 
processes  of  reproduction.  This  has  been  observed  by  Atwater  (1),  who 
gives  the  composition  of  ordinary  and  spent  salmon.  The  fish  on  their 
way  to  the  spawning  grounds  contained  13  per  cent  of  fat,  while  the  spent 
fish  contained  but  3  per  cent.  The  work  of  Miescher-Ruesch  (9)  on  the 
Rhine  salmon  gives  a  similar  picture,  and  the  later  work  of  Paton  (10)  on 
Scotch  salmon,  and  of  Green  (11)  on  Pacific  coast  salmon,  is  confirmatory. 
According  to  the  latter  two  investigators,  the  fat  stored  in  the  body  of  the 
salmon  during  the  period  of  feeding  and  growth  is  the  inunediate  source 
of  energy  expended  by  the  fish  during  spawning  migration  when  no  food  is 
taken.  Also,  the  observation  by  Lichtenfelt  (12),  who  noted  that  during 
hunger  a  fat-rich  fish  loses  a  greater  proportion  of  its  fat  than  a  fat-poor 
fish,  may,  when  the  analytical  data  are  supplied,  throw  some  light  upon 
the  habits  of  certain  species. 

Whatever  the  biological  significance  of  the  changing  composition  may 
be,  the  fact  remains  that  a  large  number  of  our  food  fishes  have  a  greatly 
increased  fat  content  in  the  late  summer  and  autumn,  as  shown  in  Table 
II,  compiled  from  Atwater 's  (1)  analyses,  and  also  by  the  analytical  re- 
sults recorded  in  Table  IV. 

TABLE  II. 
Ancdyses  of  Food  Fish  by  AtwcUer,  Arranged  to  Show  Seasonal  Variation. 

Fresh  Basis. 


Fish. 

Water. 

Solids. 

Fat. 

Ash. 

Nitroeen. 

Name. 

When  caught. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

Blackfish. 

Mar.,  1882 

81.36 

18.64 

0.55 

0.65 

2.82 

a 

Apr.,  1882 

79.64 

20.36 

0.62 

1.03 

3.03 

i< 

May,  1882' 

78.44 

21.56 

1.44 

1.36 

3.03 

Mackerel. 

May,  1880 

74.14 

25.86 

6.99 

1.30 

2.91 

(( 

Dec,  1880 

64.01 

35.99 

16.30 

1.48 

3.05 

The  results  of  Atwater's  investigations  have  been  accepted  as  repre- 
senting the  correct  composition  of  American  food  fishes.  The  dietitian, 
in  calculating  the  fuel  value  of  the  food  components  present  in  different 
species  of  fish,  has  used  these  figures.  They  have  been  quoted  by  a  num- 
ber of  writers. 
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In  addition  to  Atwater's  classical  work  on  American  fishes,  the  litera- 
ture contains  numerous  references  bearing  on  the  chemical  composition 
of  food  fish.  The  earlier  investigations  have  been  carried  on  mainly 
by  foreign  workers,  among  whom  are  Schlossberger  (13),  Morin  (14), 
Weidenbusch  (15),  von  Baumhauer  (16),  Payen  (7),  Konig  (6),  Buckland 
(5),  Ahnen  (4),  Kostytscheflf  (3),  Popoflf  (17),  Sempolowski  (18),  and 
Kianizyn  (19).  The  results  obtained  by  most  of  these  authors  have  been 
discussed  at  length  by  Atwater  (1).  Their  analyses  consisted,  generally, 
of  determinations  of  solids,  fat,  ash,  and  nitrogen.  There  has  been  no 
concerted  analytical  study  of  the  composition  of  American  food  fish  since 
1888.  European  food  fishes  have  been  studied  more  recently,  and  among 
the  investigations  those  of  Balland  (20)  and  Hollande  (21)  are  especially 
noteworthy.  A  comparison  of  the  food  value  of  beef,  veal,  etc.,  with 
fish  has  been  made  by  Milone  (22),  Beythien  (23),  and  Kdnig  and  Splitt- 
gerber  (24). 

Methods, 

History  of  Samples. 

The  fish  were  all  obtained  from  Philadelphia  fish  dealers.  No 
fish  were  purchased  of  which  an  accurate  history  could  not  be 
obtained.  This  "history  indicated  good  handling  according  to 
present  commercial  standards  and  a  minimum  lapse  of  time 
after  catching.  The  analytical  work  was  begun  immediately  upon 
the  receipt  of  the  sample. 

Preparation  of  Sample  for  Analysis.     . 

The  fish  were  cleaned  by  separating  as  completely  as  possible 
from  the  edible  portion  the  head,  tail,  skin,  entrails,  and 
bones.  The  edible  portion  was  weighed  and  the  difference  be- 
tween this  weight  and  that  of  the  whole  fish  represented  the 
refuse,  or  inedible  portion.  The  flesh  was  ground  in  a  meat 
chopper,  and  the  individual  samples  were  mixed  thoroughly  by 
hand.  As  the  subsequent  analysis  requires  2  or  3  days  of  one 
analyst's  time  for  completion,  it  was  not  convenient  to  undertake 
more  than  one  complete  analysis  of  a  single  species  of  fish  at  a 
time.  In  the  case  of  large  fish  but  one  specimen  was  used,  but  of 
the  smaller  fish  from  2  to  8  were  analyzed,  the  edible  portions 
being  united  and  well  mixed  before  sampling. 
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Methods  of  Analysis. 

Total  Solids,  Total  Nitrogen,  Fat,  and  Ash.^The  methods  used  for  the 
estimation  of  the  quantity  of  total  solids,  fat,  and  ash,  were  those  gireo 
in  Bulletin  No.  107  (revised)  of  the  Bureau  of  Chemistry,  United  States 
Department  of  Agriculture.  Total  nitrogen  was  determined  by  the 
method  of  Kjeldahl  and  Gunning,  using  0.1  n  solutions  of  acid  and  alkali 

Cold  Water-Soluble  Nitrogen. — ^The  amount  of  nitrogenous  compounds 
soluble  in  cold  water  was  foimd  by  grinding  50  gm.  of  the  sample,  placing 
in  a  12  ounce  wide-necked  bottle,  adding  240  cc.  of  water,  corking  tightly, 
and  shaking  on  a  mechanical  shaker.  The  bottles  were  removed  from  the 
shaker  at  the  end  of  15  minutes  and  the  suspended  matter  was  separated 
by  centrifuging  for  10  minutes.  The  opalescent  supernatant  fluid  was 
poured  through  a  plug  of  cotton  in  a  funnel.  Seven  more  extractions, 
each  with  240  cc.  of  water,  brought  the  final  volume  of  the  combined  fil- 
trate to  about  1,900  cc.  This  solution  was  transferred  to  a  2  liter  flask 
and  diluted  to  the  mark  with  water.  A  second  filtration  through  paper 
was  made  when  required,  though  this  was  usually  unnecessary,  as  the 
extract  could  be  obtained  in  most  cases  free  from  suspended  matter.  Ali- 
quots  of  50  cc.  each  were  analyzed  for  nitrogen  by  the  Kjeldahl-Gunning 
method. 

CoagtUable  Nitrogen. — Portions  of  500  cc.  of  the  neutral  extract  were 
evaporated  to  a  little  less  than  250  cc.  in  400  cc.  beakers.  The  beakers 
were  placed  on  wide  asbestos  gauzes  to  prevent  scorching,  and  the  height 
of  the  flame  was  so  regulated  that  about  2  hours  were  required  to  reduce 
the  volume  of  the  solution  one-half.  The  mixture  was  stirred  occasionally 
to  prevent  clumps  from  sticking  to  the  bottom  of  the  beaker.  After 
removing  the  flame,  and  while  the  solutions  were  still  hot,  they  were  al- 
ways treated  with  exactly  2  cc.  of  20  per  cent  acetic  acid  solution  to  com- 
plete the  precipitation  of  the  coagulable  protein.  On  cooling,  the  mix- 
ture was  transferred  to  a  250  cc.  volumetric  flask  and  diluted  to  the  mark 
with  water.  The  mixture  was  filtered  and  aliquots  of  25  oc.  each  were 
analyzed  for  nitrogen. 

Hot  Water-Solttble  Nitrogen. — The  flesh  residue  remaining  from  the  cold 
water  extraction  was  washed  into  a  400  cc.  beaker  with  about  250  cc.  of 
hot  water.  The  mixture  was  boiled  for  15  minutes,  filtered  hot  through 
cotton,  the  residue  again  treated  with  hot  water,  and  boiled  for  another  15 
minutes.  The  filtrate  from  the  second  extraction  was  added  to  that  of  the 
first  and  the  combined  filtrates  were  transferred  to  a  500  cc.  volumetric 
flask,  cooled,  and  diluted  to  the  mark  with  water.  This  extract  was  fil- 
tered through  fine  filter  paper  and  nitrogen  was  determined  on  50  cc. 
aliquots  of  the  filtrate. 

Ammonia  Nitrogen. — For  this  determination  a  modification  of  the  Sted- 
Gies*  method  was  used.    10  gm.  of  NaCl  were  dissolved  in  100  cc.  of  water 

*  Steel,  M.,  and  Gies,  W.  J.,  Some  notes  on  the  efficiency  of  the  Folin 
method  for  the  quantitative  determination  of  urinary  ammonia,  /.  Biol. 
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in  a  tall  Folin  aeration  cylinder.  25  gm.  of  ground  flesh  were  added  and 
the  mixture  was  shaken  until  the  material  was  entirely  disintegrated. 
50  cc.  of  alcohol  were  next  added  to  prevent  foaming,  and  5  cc.  of  kerb- 
sene  later  if  necessary.  The  mixture  was  finally  treated  just  previous  to 
aeration  with  10  cc.  of  10  per  cent  sodium  hydroxide  solution.  The  am- 
monia was  absorbed  in  dilute  sulfuric  acid  solution  (10  cc.  of  0.1  n  sulfuric 
Itcid  in  100  cc.  of  water)  in  12  ounce  bottles.  At  the  end  of  a  4}  hour  aera- 
tion period,  the  solutions  in  the  absorbing  bottle  were  titrated  back  with 
0.1  N  sodium  hydroxide  solution,  using  as  indicator  two  drops  of  1  per 
cent  alcoholic  solution  of  alizarin  red* 

Gross  Fat  Extraction, 

In  order  to  obtain  the  fish  oil  in  a  condition  as  nearly  unchanged  as 
possible,  care  was  constantly  exercised  to  prevent  overheating  of  the 
material.  The  ground  flesh  was  placed  in  6  inch  shallow  Petri  dishes  in 
8ufl[icient  quantity  to  form  thin  layers  when  pressed  down  on  the  bottoms 
of  the  dishes  with  a  spatula.  The  water  was  driven  off  at  50^C.  in  a 
vacuum  oven.  The  dried  residue  was  ground,  placed  in  a  large  paper  ex-  - 
traction  thimble,  and  extracted  with  low  boiling  petroleum  ether  (40- 
50**C.)  in  a  Soxhlet  extractor.  After  a  12  hour  extraction,  the  solvent  was 
evaporated  somewhat,  the  mixture  filtered  through  fine  filter  paper,  the 
remainder  of  the  ether  carefully  evaporated,  and  the  oil  finally  dried  for 
3  hours  at  50°C.  in  a  vacuum  oven. 


Determination  of  Fat  Constants. 

In  some  fish  the  amount  of  fat  obtained  was  so  small  that  but 
very  few  of  the  fat  constants  could  be  determined,  due  to  lack  of 
material,  and  when  such  a  condition  existed  usually  only  the 
iodine  number  was  determined. 

Specific  Gravity.^ — The  specific  gravity  was  determined  in  a  Sprengel  or 
Ostwald  pyknometer  at  25**C.,  compared  with  water  at  the  same  tem- 
perature, and  the  constants  were  based  on  weights  in  air. 

Index  of  Refraction. — This  was  determined  at  30**C.  with  an  Abbe  re- 
fractometer. 

# 
Chem.y  1908,  v,  71.  Steel,  M.,  An  improvement  of  the  Folin  method  for 
the  determination  of  urinary  ammonia  nitrogen,  ibid.,  1910,  viii,  365. 
Shulansky,  J.,  and  Gies,  W.  J.,  Studies  of  aeration  methods  for  the  de- 
termination of  ammonium  nitrogen.  The  ammonium  nitrogen  in  beef, 
Biochem.  Bull.,  1913,  iii,  45.  Clark,  E.  D.,  Report  on  meat  and  fish,  1915. 
J.  Assn.  Agric.  Chem.,  1917,  ii,  229. 
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TABLE  IV.         . 

Percentage  Composition  of  Edible  Part  of  Fieh. 
Fresh  Basis, 


19 
18 
33 
16 
8 
32 
11 
34 
14 


Common 
offish. 


Blackfish 

Bonita 

Cod 

Herring 

Kingfish 

Ling 

Porgy 

Tilefish 

Silver  hake 

Bluefish 

« 

Butterfish 

it 

Carp  sucker 

«  (( 

Croaker 

it 

Flounder 

it 

Haddock 

it 

Striped  bass 

it  it 

Sea  bass 

«        ti 

Spanish   mack- 
erel   

It  n 

Weakfish 

it 

Shad  (male) 

"       (female)... 
it  tt 

"  spent 


June   16  20.0 
1226.66 
2418.65 


When 
eaucht. 


ms 


Sol- 
id8. 


per 
cent 


Nov. 
June 
May 
Nov. 
May 
Dec. 
May 


22.90 
24.60 
18.30 
23.39 
19.66 
18.86 


Fat. 


per 
cent 

0.15 

1.46 

0.09 

2.41 

5.24 

0.12 

2. 

0.51 

1.41 


Aah, 


NitroB»n. 


per 
cent 

1.40 

1.71 

1.23 

1.66 

1 

1.15 

1.37 

1.35 

1.22 


k 


per 
cent 

2.93 

3.82 

2.95 

3.03 

2.83 

2. 

3.02 

2.80 

2.60 


p^ 
cent 


i 


per 
cent 


L 

n 


cent 


0.8740.5320.2410 
1.0300.389,0.0880 
0.9500.530.0.3300 
1.0280.516'0.2340 
0.838  0.4250. 172*0 


1.030 
1.001 
0.770 
1.025 


0.650,0.240 
0.6200.221 
0.3800.2200 
0.6380.211 


0172 
0251 
0170 
0177 
0162 
.0180 
0165 
0130 
0140 


9 
27 
12 
28 
15 
30 

3 
23 

6 
25 

2 
22 

5 
29 
10 
24 
17 

31 

7 
26 

1 

4 

13 

20 


May 

Sept. 

May 

Oct. 

May 

Oct. 

Apr. 

Sept. 

Apr. 

Sept. 

Apr. 

Aug. 

Apr. 

Oct. 

May 

Sept. 

June 
Oct. 
May 
Sept. 


723 
2829 
1925 
12  30 


lo!20 

8|24 

1917 


12  22 
1419 


83 
04 
68 
.01 
80 
79 
77 
26 
54 
59 
32 
S3 
70 
83 
02 
44 


433.01 
26  35.70 

121.41 
2519.35 


1.54 
8.10 
5.96 
13.52 
2.10 
4.17 
1.25 
3.23 
0.20 
0.37 
0.15 
0.09 
3.581 


3. 3610. 7600. 

73o;o. 

8620. 
8500. 
1510. 


3.260. 
2.89.0. 


2.920 
2.98,1 
3.191 


2.98 
1.61 
1.60 


2.85 


.16 

.11 

.49 

.40 

20 

20 

18 

37 

17 

34 

11 

01 

263.21 

26  3.07 

232.98 

09 


0780 
0.813,0 


3200 
3600 
4980 
4300 
787  0 
7480 


2.56 

2.54 

2.330 

2.590 
1 
1 
0 
0 


12.59 
16.24 

2.34 

0.521.20|  — 


8800 
8880 
7400 
7480 
8000 
1530 
0500 
9670 
9700 


447 
410 
477 


1.203.13 
1.113.09 
1.2512.83 


0.846 
0.890 
1.118 


3300 
3430 
5200 
7190 

650 

5320 

700' 


0710 
0850 
.0200 
.0210 
.2060 
.2100 
.14l|0 
.130|0 
.1170 
.2000 
.147:0 
.  150,0 
.102  0 

-jo 

.106  0 
—    0 


0183 
0180 
0162 
0180 
0154 
0170 
0140 
0290 
0143 
O190 
0220 
0220 
0170 
0166 
0159 
Q220 


0.458,0.0550.0185 
0.570O.102'0.0240 


0.851 


0.82010.500 


0.2030.0134 
0.290]0.0150 


Apr.      2  35.32 
"       13,34.17 


May 
June 


22|26.00 
19  23.38 


14.431.34  3.18 
13.931.403.00 


5.87 
2.95 


1.292.91 


1.112 
1.147 
0.980 


0.621 
0.685 


0.074|o.0160 
0.063i0.01S2 


0.549*0  0580.0191 

1.53;2. 98.0. 975'0. 549  0.182  0.0178 

I  '  i 


*  It  is  customary  to  calculate  protein  as  total  nitrogen  X  6.25.  Our 
knowledge  of  the  proper  factor  to  use  with  fish  proteins  is  unsatisfactory 
and  pending  investigation  of  this  matter  it  seems  best  to  omit  this  calcula- 
tion. 
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Calculated  on  Dry  Basis. 
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Common  name  of  fish. 


Blackfish 

Bonita 

Cod 

Herring 

Kingfish 

Ling 

Porgy 

Tilefish 

Silver  hake.  ...^ 

Bluefish...^ 

Butterfish 

Carp  sucker 

«  tf 

Croaker 

tt 

Flounder 

« 

Haddock 

« 

Striped  bass 

it  ti 

Sea  bass 

it      (t 

Spanish  mackerel. . . 
«  it 

Weakfish 

it 

Shad  (male) 

"     (female) 

tt  it 

"       spent.. 


When 
caught. 


19J6 

Jime  16 

"  12 

Nov.  24 

June  12 

May  4 

Nov.  18 

May  14 

Dec.  17 

May  26 


Fat. 


per 
cent 

0.70 

5.48 

0.46 

10.52 

21.32 

0.62 

11.10 

2.59 

7.48 


Ash. 


per 
cent 

6.70 
6.41 
6.59 
7.25 
5.65 
6.27 
5.85 
6.85 


Nitrogen. 


I 


per 
cent 

14.02 
14.33 
15.81 
13.23 
11.50 
14.68 
12.92 
14.22 


6.48'l3.80 


i. 

H 

1 

1 
1 

per 
cent 

per 
cent 

4.18 

2.55 

3.86 

1.46 

5.09 

2.84 

4.49 

2.25 

3.41 

1.73 

5.62 

3.55 

4.28 

2.67 

3.91 

1.93 

5.43 

3.39 

per 
cent 

1.15 


a 
a 


per 
cent 

0.082 
0.330.094 
1.760.091 
1.02  0.078 
0.700.066 
1.310.098 
0.95  0.071 
1.110.066 
1.420.074 


May 

Sept. 

May 

Oct. 

May 

Oct 

Apr. 

Sept. 

Apr. 

Sept. 

Apr. 

Aug. 

Apr. 

Oct. 

May 

Sept. 

June 

Oct. 

May 

Sept. 


6.45 

27.8) 

23.27 

45.02 

9.20 

18.05 

6.02 

13.30 

1.14 

1.71 

0.81 

0.42 

13.94 

15.01 

7.32 

8.22 

38.14 

45.47 

10.94 

2.68 


4.87 
3.81 
5.81 
4.66 
5.27 
5.19 


14.10 
11.21 
11.28 
9.72 
13.08 
13.81 


5.6813.72 
5.64 


6.67 
6.20 
6.06 
4.84 
4.90 
6.35 
5.59 
5.60 
3.63 
3.10 
5.85 
6.19 


14.60 
11.76 
12.72 
12.43 
12.50 
15.47 
13.55 

9.48 

7.38 

13.23 


3.19 

2.51 

3.36 

2.83 

5.05 

4.35 

3.91 

3.62 

5.06 

3.42 

4.08 

3.84 

4.48 

5.39 

4. 

5. 

2.56 

2.49 

5.53 

4.63 


1.35 

1.24 

1.94 

1.43 

3.45 

3.02 

2.15 

1. 

2.72 

1.90 

1.87 

2.50 

2.80 

3.29 

2.42 

3.55 

1.39 

1.60 

3.98 

2.58 


0.300.078 
0.290.061 
0.080.063 
0.700.059 
0.900.068 
0.900.074 
0.680.067 
0.540.094 
0.67  0.082 
0.900.087 
0.800.120 
0.720.105 
0.40*0.066 

—  0.084 
0.480.072 

—  0.113 


0.17 
0.29 
0.95 
1.49 


0.056 
0.067 
0.063 
0.077 


Apr. 
it 

May 
June 


40.85 
40.75 
22.58 
1912.62 


3.80 
4.10 
4.97 
6.54 


9.01 

8.78 

11.20 

12.75 


3.15 
3.35 
3.77 
4.17 


1.768 
2.005 
2.113 
2.348 


0.21 
0.18 
0.23 
0.78 


0.046 
0.053 
0.074 
0.076 
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TABLE  VI. 

F<U  CoMianU  of  OiU  from  Fish  Flesh. 


O  0 


19 
18 
33 
16 
8 
32 
11 
34 
14 


Common  name  of  fiah. 


Blackfish 

Bonita 

Cod 

Herring 

Kingfish 

Ling 

Porgy 

Tilefiah 

Silver  hake 

Bluefish 

u 

Butterfish 

Carp  sucker 

Croaker 

Flounder 

Haddock 

u 

Striped  bass 

«  tt 

Sea  bass 

ti      tt 

Spanish  mackerel 
it  tt 

Weakfish 

It 

Shad  (male) 

"       (female).... 
tt  tt 

"   spent 


When 
oftught. 


Specific 
gravity, 

25^* 


June  16 

tt      12 

Nov.  24 
June  12 
May  4 
Nov.  18 
May  14 
Dec.  17 
May  26 


0.9389 

0.9292 
0.9146 

0.9270 

0.9397 


Index 
of 

lef no- 
tion 

30*  C. 


1.4755 

1.4733 
1.4663 

1.4736 
1.4753 
1.4797 


Iodine 
No. 


127.5 

126.8 

94.1 

135.4 

85.4 

80.8 

136.2 

118.8 

159.0 


Saptai- 


fiCBtiOD 


No. 


178.7 

180.9 
195.7 

188.4 

186.5 


▼ahia. 


28.6 

13.5 
3.4 

7.2 

10.1 


9 
27 
12 
28 
15 
30 

3 
23 

6 
25 

2 
22 

5 
29 
10 
24 
17 
31 

7 
26 


May 

Sept. 

May 

Oct. 

May 

Oct. 

Apr. 

Sept. 

Apr. 

Sept. 

Apr. 

Aug. 

Apr. 

Oct. 

May 

Sept. 

June 

Oct. 

May 

Sept. 


9353 


.9213 
9177 
9232 
.9243 
9312 


:4749 
.4760 
.4732 
.4706 
.4704 
.4700 
.4724 
.4703 
.4935 
.4820 


118.9 
106.9 
138.2 

90.2 
111.7 

74.1 
115.8 
111.5 
130.4 
118.9 


1.4940;133.4 

1 


y. 


0.9278 


0.9224 


0.9201 


0.9213 


.4907 
.4748 
.4895 
.4731 
.4860 
.4719 
.4730 
.4717 
.4830 


115.1 
134.4 
89.0 
132.1 
132.2 
136.7 
115.3 
120.8 
104.37 


185.1 

190.5 
202.8 
187.9 
240.8 
191.2 


197.6 

196.1 

191.7 

182.5 
204.9 
187.0 
188.4 


12.4 
4.5 
3.0 

7.8 


6.4 

2.2 

3.2 

2.6 

12.2 

16.2 


1 

4 

13 

20 


Apr. 

2 

tt 

13 

May 

22 

June 

19 

0.9084 
0.9150 
0.9124 
0.9276 


1.4709 
1.4710 
1.4719 
1.4725 


114.8 
114.5 
121.9 
125.3 


191.6 
190.4 
183.7 
180.6 


4.6 

3.5 

6.4 

20.6 
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Iodine  Number. — The  iodine  absorption  number  was  determined  by  the 
Hanns  Method*  on  0.1  to  0.2  gm.  samples  using  25  co.  of  iodine  solution. 

Saponification  Number: — ^Approximately  1.5  gm.  of  oil  were  saponified 
in  the  usual  manner'  with  25  cc.  of  alcoholic  potash  for  this  determination. 

Acid  Vcdue.—l  gm.  of  oil  was  dissolved  in  50  cc.  of  a  neutral  mixture 
of  three  parts  ethyl  ether  and  seven  parts  95  per  cent  alcohol,  and  titrated 
with  0.1  N  sodium  hydroxide  solution,  using  0.5  cc.  of  0.5  per  cent  alco- 
holic phenolphthalein  solution  as  indicator.  The  addition  of  alkali  was 
continued  until  one  drop  produced  a  pink  color  which  persisted  at  least  1 
minute.  The  result  was  calculated  to  mg.  of  potassium  hydroxide  required 
to  neutralize  the  free  fatty  acids  of  1  gm.  of  the  oil.* 

Tabvlation  of  Analyses, 

It  was  not  possible  to  obtain  samples  of  each  species  at  varying 
seasons,  hence  of  some  fish  but  one  analysis  appears  in  the  tables. 
It  is  believed  that,  aside  from  their  interest  in  the  light  of  seasonal 
variation,  such  analytical  data  are  of  value  from  the  composi- 
tion viewpoint  alone.  Tables  III,  IV,  V,  and  VI  record  the  re- 
sults obtained.  The  values  given  are  in  all  cases  the  average  of 
two  or  more  concordant  determinations. 

DISCUSSION. 

Biological  Significance  of  the  Fat  Content, 

Many  sea  fish  travel  in  schools,  or  migrate,  in  response  to  stim- 
uli of  which  we  are  still  ignorant  and  to  regions  often  unknown  at 
definite  times  of.  the  year.  They  feed  on  small  animal  organ- 
isms, lower  plant  forms,  or  other  fish,  depending  upon  the  habits 
of  the  various  species.  In  the  contest  with  fellow  members  of 
the  school,  certain  fish  will  fare  better  in  feeding  than  the  less 
strong  and  active  ones.  This  may  account  for  the  fact  that  fish 
of  the  same  size  from  the  same  school  occasionally  vary  consid- 
erably in  fat  content.  The  fish  in  Table  VII  were  taken  from 
the  same  school  and  show  an  exceptional  degree  of  variation  in 
this  respect. 

*  Hanus,  J.,  Die  Anwendnng  von  Jodmonobromid  bei  der  Analyse  von 
Fetten  und  Oelen,  Z,  Unterauch.  Nahrungs.-Oenussmittel,  1901,  iv,  913. 

'  Official  and  provisional  methods  of  analysis,  U.  S,  Dept.  Agric,  Bureau 
ofChemietry,  Bull.  107  (rev.),  1909,  136. 
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TABLE  VIL 

Analyses  of  Weakfish  from  the  Same  School.     (Caught  November  11,  1914-) 
Composite  Samples  of  Three  Fish  Each, 


No.  of  sample. 

Solids. 

Fat. 

Aah. 

Total  nitiQcni. 

per  eerit 

percent 

perceni 

percent 

1 

22.88 

1.35 

1.16 

3.13 

2 

23.35 

2.47 

1.10 

3.13 

3 

25  51 

4.88 

1.16 

3-09 

4 

28.22 

8.03 

1.12 

3.19 

A  study  of  Table  IV  shows  that  weakfish  may  contain  more 
fat  in  the  spring  than  in  the  early  autumn.  We  know  but  little 
of  the  habits  of  the  weakfish.  However,  during  September  we 
find  them  full  of  feed,  although  the  fat  content  of  the  fish  is  ex- 
tremely low;  for  example,  0.52  per  cent.  It  may  be  deduced 
from  this  figure  that  the  fish  have  recently  entered  upon  a  feed- 
ing period,  which  assumption  is  further  confirmed  by  the  fact 
that  later  in  the  year — about  the  middle  of  November — as  much 
as  8.03  per  cent  of  fat  was  found  (Table  VII). 

The  literature  fails  to  record  the  analysis  of  the  flesh  of  the 
shad  before  and  after  its  spawning  migration.  Accordingly,  a 
study  of  this  fish  was  made,  covering  a  period  of  about  2  months, 
during  which  time  the  fish  had  appeared  at  the  mouth  of  the 
rivers  and  had  ascended  them  to  fresh  water.  The  later  anal>'ses 
were  made  at  the  close  of  the  shad  season.  The  jesults  are  shown 
in  Table  IV.  The  most  strikipg  differences  are  those  in  the  fat, 
this  constituent  decreasing  from  14.43  per  cent  before  spawning 
in  April  to  2.95  per  cent  after  spawning  in  June.  There  is  like- 
wise a  decrease  in  the  water-soluble  and  coagulable  nitrogen,  an 
increase  in  the  specific  gravity,  iodine  number,  and  acid  value 
of  the  fats,  and  a  lowering  of  their  saponification  numbers. 

The  shad,  like  the  salmon,  does  not  feed  from  the  time  it  en- 
ters upon  spawning  migration  until  it  returns  to  the  feeding 
gj  ounds.  Some  of  the  fat  is  consumed  in  the  tissues  to  furnish  the 
enej'gj^  Jiecessary  for  ascending  the  rivers,  and  the  remainder  is 
prfjbably  transferred  to  the  roe  and  milt.  It  w^ould  be  profit- 
able to  extend  this  investigation  to  a  similar  study  of  the  changes 
in  other  fish  at  spawning  time. 
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A  fundamental  relation,  which  is  indicated  not  only  by  these 
results  but  likewise  by  the  results  obtained  by  Atwater  (1),  is 
that  as  the  fat  content  increases  the  water  content  decreases,  the 
protein  remaining  practically  the  same.  This  is  strikingly  shown 
in  Table  VIII  in  four  species  of  fish  whose  fat  content  varies  from 
0.15  per  cent  to  14.43  per  cent.  The  fat-free  solids,  which  con- 
sist of  nitrogenous  and  mineral  constituents,  vary,  but  shghtly 
from  the  mean  value  of  about  21  per  cent,  showing  that  the  gain 
or  loss  in  fat  is  compensated  for  by  a  corresponding  gain  or  loss 
in  water  rather  than  protein. 


TABLE  vni. 

Relaiion  between  the  Amounts  of  FcU,  Water ,  and  Nitrogen  in  the  Fieah  of 

Fish. 


Kind  of  fish. 


Blackfish 

Bluefish 

Spanish  mackerel 
Shad 


Water. 

Solidn. 

Fat. 

per  cent 

per  cent 

per  cent 

79.10 

20.90 

0.15 

70.96 

29.04 

8.10 

66.99 

33.01 

12.69 

64.68 

35.32 

14.43 

Fat-free 
solids. 


per  cent 

20.75 
20.94 
20.42 
20.89 


A  study  of  the  values  obtained  for  the  fat  constants  of  the  fish 
oils  shows  that  they  are  fairly  uniform  for  the  different  species 
analyzed.  These  constants  will  average,  as  a  rule,  approximately 
as  follows: 

25 

Specific  gravity  at  -— *C 0.9220 

25 

Index  of  refraction  at  30**C 1 .4750 

Iodine  No 110-130 

Saponification  No 180-190 

They  are  characteristic  of  fish  oils  commonly  classed  with  dry- 
ing oils. 

A  study  of  the  figures  obtained  for  the  acid  value  of  the  oils 
(Table  VI)  shows  that,  in  general,  when  fish  are  low  in  percent- 
age of  fat,  the  acid  value  will  be  high,  and  when  the  fat  con- 
tent is  high  the  acid  value  will  be  low.  This  seems  to  point  to 
the  presence  in  the  tissues  of  fish,  in  a  more  or  less  constant  pro- 
portion, regardless  of  the  fat  content,  of  an  acid  substance  sol- 
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uble  in  the  fat  solvent,  or  carried  out  with  the  fat.  Accordingly, 
when  the  fat  content  of  the  fish  is  high  the  acid  value  is  low,  be- 
cause the  proportion  of  this  substance  to  the  total  fat  is  low. 

The  Significance  of  the  Variation  in  the  Distribution  of  Nitrogen  of 

the  Flesh. 

An  examination  of  the  nitrogen  distribution,  as  given  in  Table 
IV,  brings  out  certain  facts.  It  will  be  observed  that  not  only 
was  the  amount  of  nitrogenous  substance  soluble  in  cold  water 
determined,  but  also  the  amount  extracted  by  boiling  water.  The 
latter  solvent  was  used  because  of  the  likelihood  of  relatively 
large,  and  possibly  significant,  quantities  of  gelatin-like  substances 
in  fish  tissues.  The  results  indicate  that  the  amount  is  more  or 
less  constant  for  fish  of  the  same  species  but  may  vary  with 
difference  in  species.  This  trend  is  much  more  clearly  shown 
in  the  amount  of  nitrogenous  substances  soluble  in  cold  water, 
where  it  is  seen  that  the  amount  of  waternsoluble  nitrogen  and 
coagulable  nitrogen  is  fairly  constant  for  the  same  fish  taken  at 
different  times,  while  the  amounts  of  these  substances  may  be 
widely  different  for  different  species  of  fish. 

The  quantity  of  nitrogen  obtained  by  aeration  is  generally  ac- 
cepted as  indicating  the  progress  of  postmortem  changes  in  the 
composition  of  flesh,  especially  those  of  decay  as  opposed  to 
ripening  changes.  The  quantities  of  ammoniacal  nitrogen  ob- 
tained from  fresh  fish  of  different  species  become,  therefore,  of 
importance.  It  must  be  remembered  that  the  fish  used  in  this 
study  were  all  very  fresh  in  tiie  market  sense  of  that  term. 
Undoubtedly  a  greater  time  between  catching  and  analyzing 
elapsed  in  some  cases  than  in  others.  Additional  observations 
indicate  that  had  all  the  fish  been  examined  inunediately  after 
removal  from  the  water  the  quantity  of  this  constituent  would 
have  been  more  uniform  in  the  different  samples.  However, 
such  variations  as  frequently  prevail  between  the  ammoniacal 
nitrogen  in  the  flesh  at  the  fat-poor  and  fat-rich  tissue  cannot  be 
disregarded,  nor  can  they  be  referred  to  decomposition  changes. 
A  further  study  of  this  point  is  needed.  Frcwn  impublished  data 
we  know  that  fish  packed  in  ice  gradually  lose  some  of  their  am- 
moniacal nitrogen  owing  to  the  solvent  effect  of  the  water.   A 
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decomposed  fish  which  has  been  standing  with  ice  may  show  a 
low  content  of  ammoniacal  nitrogen  for  this  reason. 

The  present  report  deals  with  the  composition  of  the  edible 
flesh  of  the  fish  exclusively.  It  is  realized  that  a  similar  analjrt- 
ical  study  should  be  made  of  the  viscera  of  fishes,  especially  the 
livers,  before  attempting  to  attach  to  the  present  data  undue 
biological  significance. 
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A  METHOD  FOR  THE  PREPARATION  OF  TAURIN  IN 
LARGE  QUANTITIES.* 

By  carl  L.  a.  SCHMIDT  and  THOMAS  WATSON. 

(From  the  Hearst  Laboratory  of  Pathology  and  Bacteriology  and  the  Depart' 
ment  of  Biochemistry  of  the  University  of  California,  Berkeley,) 

(Received  for  publication,  January  22,  1918.) 

For  the  preparation  of  large  quantities  of  taurin  for  experi- 
mental work  being  carried  on  in  this  laboratory,  we  have  found 
that  the  abalone,  Haliotis,  which  can  be  obtained  in  quantity 
on  the  Pacific  coast,  is  an  excellent  source  for  this  substance, 
giving  larger  yields  than  can  be  obtained  from  ox  bile,  the  more 
common  source  for  taurin.^  Kelly^  found  that  tanriu  was  pres- 
ent in  Peden  operctdaris  and  Mytilus  edidis,  and  it  was  likewise 
foimd  by  MendeP  in  the  muscle  of  Haliotis. 

Miyake,  working  in  this  laboratory  with  Takeoka,*  prepared 
taurin  from  the  abalone.  His  process  was  to  precipitate  the  pro- 
teins in  the  aqueous  extract  obtained  by  pressing  out  the  juice 
from  the  finely  groimd  and  boiled  abalone  muscle,  by  the  addi- 
tion of  potassium  aluminum  sulfate,  filtering,  and  removing  sul- 
fates by  barium  hydroxide.  The  excess  of  the  latter  was  removed 
by  carbon  dioxide  precipitation  and  the  taurin  repeatedly  crystal- 
lized. 

We  have  used  Miyake's  method  a  number  of  times  and  found 
that  it  was  not  the  most  economical  and  suitable  method  when 
large  amounts  of  material  are  to  be  used.  The  diflSculties  of  fil- 
tering and  washing  the  enormous  precipitate  of  barium  sulfate 

*  Work  aided  by  a  grant  to  the  Medical  Research  Committee  from  the 
State  Council  of  Defense,  and  the  George  Williams  Hooper  Foundation  for 
Medical  Research. 

1  Salkowski,  E.,  Virchows  Arch,  path,  Anat.f  1873,  Iviii,  460.  Tauber, 
S.,  Beitr.  chem.  Physiol,  u.  Path,,  1903,  iv,  323. 

» Kelly,  A.,  Beilr.  chem,  Physiol,  u.  Path.,  1904,  v,  377. 
»  Mendel,  L.  B.,  Beitr,  chem,  Physiol,  u.  Path,,  1904,  v,  582. 

*  Takeoka,  M.,  J.  Infect,  Dis„  1917,  xx,  442. 
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led  us  to  look  for  an  easier  method.  In  our  hands  the  method 
described  below  has  given  better  yields  of  taurin  than  that  used 
by  Miyake  and  has  enabled  us  to  work  with  larger  quantities  of 
material  at  less  expense.  Several  kilos  of  taurin  have  been  pre- 
pared by  this  method. 

After  removal  of  the  shell  and  intestinal  tract  of  the  abalone, 
the  muscle  is  finely  groimd,  heated  in  a  steam  sterilizer  for  a 
nimiber  of  hoiurs,  and  the  juice  removed  by  pressure.  The  re- 
sultant cake  is  reground  and  again  extracted  by  addition  of  dis- 
tiUed  water  and  heating.  To  each  13  liters  of  the  combined  ex- 
tracts is  added  sufficient  glacial  acetic  acid  (about  15  cc.)  to 
make  the  concentration  0.02  n.  This  gives  the  maximum  pre- 
cipitate of  protein.  After  heating  for  several  hours  the  liquid 
is  transferred  to  settling  bottles,  the  clear  supernatant  liquid 
sjrphoned  off,  and  the  remainder  filtered.  To  the  combined  fil- 
trates 100  cc.  of  strong  hydrochloric  acid  are  added,  the  mixture 
is  again  heated,  and  a  small  additional  precipitate  removed  as 
before.  The  clear  liquid  is  evaporated  to  about  one-third  of  its 
volmne,  500  cc.  of  strong  hydrochloric  acid  are  added,  and  the 
mixture  boiled  until  a  test  sample  shows  no  precipitation  of  pro- 
tein on  addition  of  several  volmnes  of  alcohol.  The  liquid  is 
further  concentrated  and  taurin  precipitated  by  the  addition  of 
sufficient  alcohol  to  give  a  concentration  of  60  to  70  per  cent. 
On  cooling,  large  amounts  of  taurin  crystals  separate,  which  are 
filtered  and  washed  with  60  per  cent  alcohol.  The  taurin  is  fur- 
ther purified  by  boiling  with  charcoal,  crystallizing  from  water, 
and  washing  the  crystals  with  small  amoimts  of  water  until  free 
from  sulfates.  Determination  of  sulfur  gave  theoretical  values. 
Eight  dozen  abalones  (74  kilos  of  muscle)  gave  a  yield  of  340 
gm.  of  taurin. 

An  additional  jdeld  of  22  gm.  was  obtained  by  precipitating 
the  sulfates  in  the  mother  liquor  by  addition  of  barium  hydroxide 
and  crystallizing  the  taurin.    This  gave  a  total  yield  of  362  gm. 
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ON  THE  ELIMINATION   OF  TAURIN   ADMINISTERED 

TO  MAN,* 

By  carl  L.  a.  SCHMIDT,  EDWARD  VON  ADELUNG,  and 
THOMAS  WATSON. 

(From  the  Hearst  Laboratory  of  Pathology  and  Bacteriology  and  the  Depart- 
ment of  Biochemistry  of  the  University  of  California,  Berkeley.) 

(Received  for  publication,  January  22,  1918.) 

Apparently  the  only  experiments  concerned  with  the  elimination 
of  taurin  administered  to  man  were  carried  out  by  Salkowski.^ 
He  fomid  that  taurin  taken  by  mouth  was  eliminated  to  the  ex- 
tent of  about  87  per  cent  in  the  urine,  but  none  of  the  sulfur 
appeared  in  the  oxidized  form.  In  fact,  the  greater  portion  of 
the  taurin  was  eliminated  as  taurocarbamic  acid.  Symptoms 
of  diarrhea  followed  the  ingestion  of  5  gm.  doses  of  taurin.  Taurin 
was  found  by  Salkowski  to  be  toxic  for  rabbits  when  given  by 
mouth. 

In  connection  with  other  experiments  being  carried  out  in  this 
laboratory  it  was  desirable  to  study  further  the  elimination  of 
taurin  when  administered  in  various  ways  to  man.  For  this 
purpose  subjects  were  placed  on  simple  constant  diets  and  sulfur 
determinations  made  in  periods  preceding  and  following  the  ad- 
ministration of  taurin.  Ringer's  solution  containing  about  6 
per  cent  of  taurin  was  used  for  the  injections.  The  results  ob- 
tained are  sunmiarized  in  the  tables  which  follow. 

A  perusal  of  the  tables  shows  that  the  increase  of  urinary 
sulfur  following  the  administration  of  taurin  occurs  almost  en- 
tirely in  the  neutral  sulfur  fraction,  although  there  is  a  slight  but 
immistakable  rise  in  inorganic  sulfur  following  the  administration 

*  Work  aided  by  a  grant  to  the  Medical  Research  Committee  from  the 
State  Council  of  Defense,  and  the  George  Williams  Hooper  Foundation 
for  Medical  Research. 

»  Salkowski,  E.,  Virchows  Arch.  path.  Anat.,  1873,  Iviii,  460;  Ber.  chem. 
Oes.;  1872,  v,  637. 
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TABLE  I. 
Subject  1. 


Day  of  experiment. 

Inor- 
sanio 
sulfur. 

Ethe- 
real 
sulfur. 

Neutral 
sulfur. 

Total 
sulfur. 

Remarks. 

gm. 

gm. 

gm. 

gm. 

1 

0,382 

0.077 

0.071 

0.530 

2 

0.410 

0.084 

0.045 

0.540 

3 

0.424 

0.083 

0.058 

0.566 

Averages 

0.406 

0.081 

0.058 

0.545 

4 

0.483 

0.050 

1.023 

1.557 

5  gm.   of  taurin    (S  «  1.285 
gm.)  taken  by  mouth. 

5 

0.439 

0.062 

0.090 

0.592 

6 

0.430 

0.067 

0.084 

0.581 

7 

0.385 

0.072 

0.079 

0.536 

TABI^  II. 
Subject  2, 


Day  of  experiment. 

Inor- 
ganic 
sulfur. 

Ethe- 

real 

sulfur. 

Neutral 
sulfur. 

Total 
sulfur. 

Remarks. 

gm. 

gm. 

gm. 

gm. 

1 

0.473 

0.032 

0.092 

0.597 

2 

0.428 

0.040 

0.101 

0.568 

3 

0.398 

0.053 

0.088 

0.538 

Averages 

0.433 

0.042 

0.093 

0.568 

4 

0.398 

0.042 

0.489 

0.928 

3   gm.    of   taurin    (S  =  0.771 
gm.)  intravenously. 

5 

0.428 

0.029 

0.339 

0.796 

6 

0.437 

0.042 

0.065 

0.544 

7 

0.450 

0.070 

0.061 

0.582 

of  taurin  by  mouth,  as  shown  by  Subjects  1  and  3,  showing  that 
sHght  oxidation  has  taken  place.  The  taurin  is  aknost  entirely 
eliminated  within  the  24  hours  following  the  administration, 
although  a  shght  rise  above  the  normal  is  still  apparent  in  the  2 
following  days.  This  is  especially  noticeable  in  the  case  of  Sub- 
ject 2.  For  Subjects  1  and  2  a  recovery  of  86  and  75  per  cent 
respectively  of  the  taurin  sulfur  was  obtained  in  the  urine.  These 
figures  are  based  on  the  assumption  that  the  average  values  ob- 
tained in  the  foreperiod  can  be  taken  as  a  constant  for  the  3  days 
following  the  taurin  administration.     Owing  to  a  greater  varia- 
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TABLE  in. 
Subject  5. 


• 
Day  of  experiment. 

Inor- 
ganic 
sulfur. 

Etb^ 

real 
suUur. 

Neutral 
sulfur. 

Total 
sulfur. 

Remarks. 

ffm. 

gm. 

gm. 

gm. 

1 

0.448 

0.031 

0.057 

0.544 

2 

0.404 

0.029 

0.099 

0.531 

3 

0.419 

0.042 

0.130 

0.591 

Averages 

0.424 

0.034 

0.095 

0.555 

4 

0.439 

0.035 

1.751 

2.225 

10  gm.  of  taurin  (S  =  2.48 
gm.)  subcutaneoualy. 

5 

0.444 

0.044 

0.132 

0.619 

6 

0.499 

0.053 

0.101 

0.652 

7 

0.706 

0.044 

1.238 

1.988 

10  gm.  of  taurin  (S  «  2.48 
gm.)  by  mouth. 

8 

0.516 

0.048 

0.127 

0.692 

9 

0.468 

0.029 

0.119 

0.615 

10 

0.417 

0.030 

2.006 

2.453 

10  gm.  of  taurin  (S  =  2.63 
gm.)  intravenously. 

11 

0.492 

0.031 

0.202 

0.725 

12 

0.560 

0.026 

0.152 

0.739 

13 

0.535 

0.032 

0.109 

0.676 

tion  in  the  sulfur  content  of  the  diet  of  Subject  3  the  sulfur  out- 
put for  the  3rd  day  following  the  taurin  administration  is  taken 
as  the  normal  value  for  that  period.  This  gives  a  percentage 
recovery  of  the  taurin  sulfur  in  the  urine,  when  given  subcutane- 
ously,  by  mouth,  or  intravenously,  as  62,  59,  and  72  per  cent 
respectively.  These  figures  compare  favorably  with  those  re- 
ported by  Salkowski.  Pending  the  development  of  an  easy 
method  for  determining  the  forms  of  neutral  sulfur  on  which  work 
is  under  way,  we  give  no  results  as  to  the  amounts  and  nature 
of  the  compounds  by  which  taurin  is  excreted  in  the  urine. 

It  should  also  be  noted  that  contrary  to  the  findings  of  Salkow- 
ski, no  symptoms  which  could  be  attributed  to  the  administra- 
tion of  taurin  were  shown  by  the  human  subjects  with  the  doses 
given,  or  even  when  larger  amounts  were  employed.  Large 
amounts  may  also  be  given  intravenously  to  rabbits  without 
toxic  effect. 


THB  JOUBNAL  OF  BIOLOQICAI.  CHBMI8TRT.  VOI«.  XXXIIl.  NO.  3 


Digitized  by 


Google 


Digitized  by 


Google 


SYNTHESIS  AND  OXIDATION  OF  TERTIARY 
HYDROCARBONS. 

By  p.  a.  LEVENE  and  L.  H.  CRETCHER,  Jr. 
(Prom  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  January  31,  1918.) 

The  present  investigation  was  evolved  from  the  previous  work 
on  the  structure  of  branched  chain  fatty  acids.  Levene  and 
Allen^  have  called  attention  to  the  lack  of  a  convenient  method 
for  determining  the  location  of  the  tertiary  carbon  atom  in  the 
branched  chain  fatty  acids.  An  attempt  was  made  to  solve  the 
problem  by  the  oxidation  of  the  fatty  acids  themselves  in  the 
hope  that  the  tertiary  carbon  atom,  as  the  one  most  susceptible  to 
oxidation,  might  prove  to  be  the  point  of  disruption  of  the  carbon 
chain.  It  is  still  possible  that  the  solution  of  the  problem  may 
be  reached  by  this  mode  of  attack.  Experience  has  shown,  how- 
ever, that  the  oxidation  of  any  fatty  acid  takes  place  at  more 
than  one  point  of  its  carbon  chain.  Because  of  this  the  products 
of  oxidation  are  numerous  and  it  is  not  always  an  easy  task  to 
formulate  the  structure  of  the  original  molecule  on  the  basis  of 
many  fragments.  Hence  it  was  thought  that  an  advantage 
might  be  gained  if  prior  to  oxidation  the  molecule  of  the  acid 
could  be  so  transformed  as  to  possess  fewer  points  susceptible  to 
the  action  of  oxidizing  agents.  It  was  natural  to  think  in  this 
connection  of  the  hydrocarbons,  since  every  fatty  acid  is  readily 
convertible  into  the  corresponding  hydrocarbon. 

Can  tertiary  hydrocarbons  be  oxidized  by  a  permanganate 
solution,  or  by  some  other  oxidizing  agent?  The  literature  on 
the  subject  is  very  meager.  In  1901,  Zelinsky  and  Zelikow' 
made  the  observation  that  3-methylpentane  is  readily  oxidized 
by  means  of  potassium  permanganate.    Prior  to  that  observa- 

»  Levene,  P.  A.,  and  Allen,  C.  H.,  /.  Biol,  Chem.,  1916,  xxvii,  433. 
«  Zelinsky,  N.,  and  Zelikow,  J.,  Ber.  chem.  Ges,,  1901,  xxxiv.  2865. 
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tion  it  was  universally  accepted  that  saturated  aliphatic  hydro- 
carbons are  not  attacked  by  this  reagent. 

The  observation  of  the  Russian  chemists  has  not  been  followed 
up  by  a  study  of  the  products  of  oxidation,  nor  has  it  been  extended 
to  observations  on  other  hydrocarbons.  The  present  work  was 
undertaken  with  the  object  of  obtaining  the  lacking  information. 

Since  few  tertiary  hydrocarbons  are  readily  accessible  the  work 
naturally  fell  into  two  parts,  one  directed  towards  the  synthesis 
of  tertiary  aUphatic  hydrocarbons  and  the  other  to  the  study 
of  their  behavior  towards  potassium  permanganate.  The  work 
is  reported  in  its  present  incompleteness  because  one  of  the 
authors  has  accepted  a  commission  with  the  United  States 
Army. 

The  most  practical  and  economical  way  for  the  preparation  of 
the  hydrocarbons  was  found  to  be  the  one  based  on  the  reduction 
of  acids  obtained  by  the  malonic  ester  S3aithesis.  In  a  general 
way  the  routine  adopted  in  the  work  of  Levene  and  Allen  was  also 
followed  here.  However,  a  marked  improvement  was  introduced 
in  the  method  of  the  reduction  of  esters  to  the  corresponding  alco- 
hols. The  details  are  given  in  the  experimental  part.  Up  to  the 
present  there  were  prepared  all  the  intermediate  substances  leading 
up  to  2-butylhexane  as  well  as  the  hydrocarbon,  also  all  the  in- 
termediate products  leading  up  to  4-butyloctane  but  not  the 
hydrocarbon. 

Regarding  the  behavior  of  2-butylhexane  towards  p>erman- 
ganate  it  was  found  that  it  readily  underwent  oxidation  in  an 
alkaline  solution  of  the  reagent.  However  for  the  piupose 
of  the  study  of  the  products  of  oxidation,  special  conditions 
had  to  be  chosen.  Namely,  it  was  found  that  when  the  oxi- 
dation was  permitted  to  proceed  at  moderately  elevated  tem- 
peratures (between  80-90°C.),  the  only  oxidation  products  that 
could  be  detected  were  formic  and  carbonic  acids.  On  the  other 
hand  when  the  oxidation  was  conducted  at  a  temperature  in  the 
neighborhood  of  25°C.  evidence  was  obtained  of  the  formation 
of  butyric  acid.  This  acid  was  identified  as  its  silver  salt.  The 
present  experiment  was  carried  out  only  on  a  small  sample  of 
material.     It  is  intended  to  continue  the  work  on  a  larger  scale. 

The  experience  gained  up  to  the  present  is  important  in  as  far 
as  it  indicates  the  conditions  of  experimentation  which  will  per- 
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mit  the  isolation  of  intermediate  products  of  oxidation  of  the 
tertiary  hydrocarbons. 

EXPERIMENTAL. 

Diethyl  DibiUylmalonate. 

COOC^i 
C4H.S.    I 

C4H/ 1 

COOC^i 

This  ester  was  obtained  by  the  action  of  butyl  iodide  and  sodium 
ethylate  upon  diethyl  malonate.  One  molecule  of  sodium  ethylate 
and  one  of  butyl  iodide  were  added  to  malonic  ester  and  the  mix- 
ture was  boiled  until  neutral.  After  the  first  substitution  was 
complete  another  molecule  of  sodium  ethylate  and  butyl  iodide 
were  added  and  the  mixture  was  again  boiled  on  the  water  bath 
until  it  was  no  longer  alkaline  to  litmus.  The  attempt  to  make 
both  substitutions  at  the  same  time,  i.e.  by  heating  the  malonic 
ester  with  two  molecules  of  sodium  ethylate  and  of  butyl  iodide, 
gave  unsatisfactory  results.  Diethyl  dibutylmalonate  boils  at 
153-154°  at  14  mm.  (corrected). 

0.1006  gm.  substance  gave  0.2464  gm.  CO2  and  0.0938  gm.  HsO. 

Calculated  for  Found: 

CnHuOii 

C 66.58  66.80 

H 10.29  10.42 

Dibutylmalonic  Acid. 

This  substance  was  prepared  by  the  saponification  of  the  cor- 
responding ester  in  the  following  manner.  Malonic  ester  was 
converted  into  diethyl  dibutylmalonate  as  described  above.  For 
the  preparation  of  this  acid  in  quantity  the  ester  was  not  iso- 
lated, but  to  the  alcoholic  solution  of  the  ester  resulting  from 
the  treatment  of  malonic  ester  with  sodium  and  butyl  iodide 
there  was  added  a  solution  of  potassium  hydroxide  in  the  mini- 
mal amount  of  water.  The  solution  was  boiled  on  the  water 
bath  under  a  reflux  for  10  hours  to  complete  the  saponification, 
the  mixture  was  then  transferred  to  a  large  beaker,  the  alcohol 
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evaporated,  a  small  amount  of  water  was  added,  and  the  acid 
liberated  by  the  addition  of  concentrated  hydrochloric  acid  to  the 
cooled  solution.  The  acid  separated  in  solid  form.  It  may  be 
recrystallized  from  benzene  from  which  solvent  it  separates  in 
long,  transparent,  prismatic  needles.  It  is  slightly  soluble  in 
water  but  practically  insoluble  in  concentrated  salt  solution. 

114  gm.  of  this  dibasic  acid  were  obtained  from  100  gm.  of 
malonic  ester,  corresponding  to  a  yield  of  84  per  cent  of  the 
theory.  Dibutylmalonic  acid  melts  at  163°  with  slight  decom- 
position. 

0.1461  gm.  substance  gave  0.3260  gm.  COs  and  0.1199  gm.  H|0. 

Calculated  for  Found: 
CuHwOi: 

C 61.15  60.85 

H 9.20  9.19 

2'Butylhexylic  Add. 

C4Htv 

yCRCOOR 

C4H/ 

The  following  will  describe  a  typical  experiment  by  which  this 
acid  was  prepared.  120  gm.  of  dibutylmalonic  acid  were  heated 
in  a  distilling  flask  to  180°.  This  temperature*  was  maintained 
until  the  carbon  dioxide  was  no  longer  evolved.  The  liquid  re- 
maining in  the  flask  was  then  distilled.  At  atmospheric  pressure 
2-butylhexylic  acid  boils  at  255°  (corrected);  at  16  mm.  the 
boiling  point  is  153°.  The  specific  gravity  at  16°  is  0.899.  The 
yield  was  90  gm. 

0.1681  gm.  substance  gave  0.4285  gm.  CDs  and  0.1711  gm.  HtO. 

Ca!cu]ated  for  Found: 
Ci«HMOt: 

C 69.76  69.51 

H 11.62  11.39 

Ethyl  2'Butylhexylale, 

130  gm.  of  the  corresponding  acid  were  boiled  for  8  hours  with 
four  molecules  of  absolute  alcohol  and  a  small  amount  of  sulfuric 
acid.  The  yield  of  ester  was  144  gm.  Ethyl  2-butylhexylate 
boils  at  114-115°  at  15  mm.  (corrected). 
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0.1004  gm.  substance  gave  0.2652  gm.  COs  and  ai060  gm.  HsO. 

Calculated  for         Found: 
CuH^,. 

C 72.00  71:08 

H 12.00  11.8& 


2'Butylhexyl  Alcohol. 

The  method  used  for  the  reduction  of  ethyl  2-butylhexyIate  to 
2-butyIhexyl  alcohol  was  essentially  the  same  as  that  described 
by  Levene  and  Allen.  However,  it  has  been  found,  in  this  in- 
stance, that  the  time  of  reduction  can  be  reduced  to  half  provid- 
ing the  following  two  changes  in  procedure  are  observed:  The 
mixture  of  alcohol  atxd  ester  should  be  added  so  slowly  that  no 
initial  cooling  is  required.  That  stage  of  the  reaction  having 
been  reached  when  the  addition  of  alcohol  ceases  to  cause  more 
refluxing,  the  remainder  of  the  alcohol  necessary  to  affect  com- 
plete solution  of  the  sodium  is  rapidly  added.  In  this  way  the 
reduction  may  be  completed  in  about  25  minutes  and  the  yield 
in  no  way  impaired.  The  yield  of  alcohol  corresponds  to  be- 
tween 65  and  70  per  cent  of  that  theoretically  possible.  The  add 
resulting  from  saponification  was  recovered  after  the  mannetr 
described  by  Levene  and  Allen.  The  alcohol  boils  at  218^219** 
(corrected).    Its  specific  gravity  is  0.836. 

0.1447  gm.  substance  gave  0.4044  gm.  CO2  and  0.1802  gm.  HiO. 

Calculated  for  Found: 
CioHbO: 

C 76.96  76.14 

H 13.92  13.93 


2'Butylhexyl  Iodide. 

2-Butylhexyl  alcohol  was  boiled  for  5  hours  with  three  molecules 
of  constant  boiling  hydriodic  acid.  The  yield  of  iodide  was 
about  80  per  cent.  The  boiling  point  is  124-125°  at  13  ,mm. 
(corrected).     The  specific  gravity  is  1.267. 

0.2242  gm.  substance  gave  0.1966  gm.  Agl. 

Calculated  for  Found: 

CioHa'I: 

47.38  47.16 
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B'BiUylhexane. 

2-Butylhexane  was  prepared  by  the  reduction  of  the  corre- 
sponding iodide  with  zinc  and  glacial  acetic  acid.  75  gm.  of  iodide 
were  mixed  with  350  cc.  of  glacial  acetic  acid  and  allowed  to  stand 
3  days  on  the  water  bath  under  a  reflux.  60  gm.  of  powdered 
zinc  were  added  in  small  amounts.  On  addition  of  water  two 
layers  were  formed;  the  upper  layer  of  hydrocarbon,  after  re- 
fractionation,  weighed  25  gm.  The  boiling  point  of  2-butyl- 
hexane  is  165°  (corrected).    The  specific  gravity  is  0.738. 

0.1010  gm.  substance  gave  0.3726  gm.  COt  and  0.1394  gm.  HiO. 

Calculated  for  Found: 

CioHa: 

C g4.51  84.41 

H 15.49  15.41 

Diethyl  ^-BiUyUiexylmaUmate, 

90  gm.  of  malonic  ester  (an  excess  of  20  per  cent  above  the 
theory)  were  converted  into  the  monosodium  derivative  by  the 
addition  of  10.6  gm.  of  sodium  in  alcohol;  125  gm.  of  2-butyl- 
hexyl  iodide  were  slowly  added  and  the  mixture  was  boiled  on 
the  water  bath  until  neutral.  The  yield  of  the  substituted  ester 
was  90  gm.    This  ester  boils  at  180°  at  14  mm.  (corrected). 

0.1064  gm.  substance  gave  0.2664  gm.  COt  and  0.0972  gm.  H2O. 

Calculated  for  Found: 

Ci7Hn04: 

C 68.00  68.29 

H 10.60  10.23 

2'Butylhexylmal(mic  Acid, 

This  acid  was  prepared  from  the  corresponding  ester  by  sa- 
ponification with  potassium  hydroxide  in  alcohol  solution.  It 
crystallizes  from  low  boiling  petroleum  ether  in  transparent, 
rhombic  needles  which  melt  at  88°  (corrected). 

0.1018  gm.  substance  gave  0.2384  gm.  COj  and  0.0876  gm.  HaO. 

.  Calculated  for         Found: 
CMH>i04: 

C 63.93  63.87 

H 9.83  9.63 


Digitized  by 


Google 


p.  A.  Levene  and  L.  H.  Cretcher  511 

4'BiUylociylic  Acid, 

The  method  used  for  the  preparation  of  this  acid  was  exactly 
analogous  to  that  described  for  the  preparation  of  2-butylhexylic 
acid.  The  boiling  point  is  173-174°  at  12  mm.  (corrected).  The 
specific  gravity  is  0.901. 

0.1034  gm.  substance  gave  0.2736  gm.  GOs  and  0.1108  gm.  HiO. 

Calculated  for  Found: 

CuUmOi: 

C 72.00  72.16 

H 12.00  12.00 

Ethyl  4'Butyloctylate. 

In  the  preparation  of  this  substance  36  gm.  of  4-butyloctylic 
acid  were  boiled  for  6  hours  with  four  molecules  of  absolute  alco- 
hol and  a  few  drops  of  sulfuric  acid.  The  refractionated  product 
weighed  32  gm.     It  boils  at  139°  at  10  nun.  (corrected). 

0.1000  gm.  substance  gave  0.2692  gm.  COs  and  0.1104  gm.  HtO. 

Calculated  for  Found: 
CmHuOs: 

C 73.67  73.41 

H 12.24  12.35 

4'Butyloctyl  Alcohol, 

28  gm.  of  the  above  ester  upon  reduction  yielded  14  gm.  of 
alcohol.  The  boiling  point  is  139°  at  15  nam.  Its  specific  gravity 
is  0.841. 

0.1266  gm.  substance  gave  0.3584  gm.  COi  and  0.1266  gm.  H2O. 

Calculated  for  Found: 
CisHmO: 

C 77.29  77.20 

H 13.57  13.90 

4'Butyloctyl  Iodide. 

This  iodide  was  prepared  by  boiling  a  mixture  of  10  gm.  of  the 
corresponding  alcohol  with  four  molecules  of  constant  boiling 
hydriodic  acid.  The  yeild  of  iodide  was  14  gm.  It  boils  at  143° 
at  8  mm.     Specific  gravity,  1.194. 
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0.1992  gm.  substance  gave  0.1566  gm.  Agl. 

Calculated  for  Found: 

CisHiJ: 

1 42.90  42.32 

Oxidaiion  of  2'Butylhexane, 

The  hydrocarbon  was  oxidized  by  allowing  it  to  stand  in  con- 
tact with  an  alkaline  solution  of  potassium  permanganate  at 
room  temperatm-e  for  about  4  weeks.  Three  equivalents  for  per- 
manganate were  used,  enough  water  being  added  to  make  the 
concentration  of  the  permanganate  5  per  cent  at  the  begiiyiing  of 
the  oxidation.  Only  a  small  amount  of  the  hydroc^bon  was 
oxidized.  The  unoxidized  portion  was  separated  from  the  aqueous 
layer,  the  latter  acidified  and  distilled  with  steam  into  diluted 
anunonia.  This  distillate  was  concentrated  to  a  small  volume 
in  vacuo  and  the  fatty  acid  precipitated  as  the  silver  salt. 

0.0971  gm.  silver  salt  gave  on  ignition  0.0531  gm.  silver. 

Calculated  t<x         Found: 
C«H70tAi: 

Ag 55.38  54.68 
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COPPER.PHOSPHATE  MIXTURES  AS  SUGAR  REAGENTS. 

A  QUALITATIVE  TEST  AND  A  QUANTITATIVE  TITRATION  METHOD 
FOR  SUGAR  IN  URINE, 

By  otto  FOLIN  and  W.  S.  McELLROY. 

{From  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  January  25,  1918.) 

In  connection  with  a  previous  investigation^  it  was  observed 
that  alkaline  phosphates  can  hold  copper  hydroxide  in  solution. 
So  far  as  we  know  phosphates  have  never  been  used  as  a  solvent 
for  copper  hydroxide  in  the  preparation  of  reagents  for  sugar, 
yet  it  was  thought  that  phosphates  might  possess  distinct  advan- 
tages for  these  purposes.  They  are  less  expensive  than  tartrates, 
citrates,  or  glycerol,  they  do  not  reduce  sugar,  and  they  tend  to 
regulate  the  degree  of  alkalinity  at  a  lower  level  of  hydroxyl  ion 
concentration  than  is  obtained  by  carbonates  alone;  a  given 
amount  of  sugar  should  consequently  reduce  more  copper  in  such 
solutions. 

The  serviceabiUty  of  phosphates  in  the  preparation  of  copper 
reagents  for  sugar  was  soon  demonstrated,  but  they  can  be  used 
in  so  many  different  ways  that  it  has  been  rather  diflScult  to  de- 
cide which  combination  to  adopt.  (Potassium  salts  have  been 
excluded  on  account  of  their  cost.) 

Qtuditative  Test  for  Sugar  in  Urine. — One  good  copper-phosphate 
reagent  is  made  as  follows:  Dissolve  100  gm.  of  sodium  pyrophos- 
phate (u.  s.  p.),  30  gm.  of  crystallized  disodium  phosphate,  and 
50  gm.  of  anhydrous  sodium  carbonate,  in  about  1  liter  of  water. 
To  this  solution  add  13  gm.  of  copper  sulfate  previously  dissolved 
in  about  200  cc.  of  water.  The  solution  seems  to  keep  indefinitely, 
except  that  in  cold  weather  some  phosphate  may  crystallize 
out.  The  reagent  should  therefore  not  be  left  in  very  cool  places, 
although  it  makes  Uttle  or  no  difference  whether  a  small  part  of 

*  Polin,  O.,  and  Denis,  W.,  /.  Biol.  Chem.,  1916,  xxvi,  477. 
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the  phosphate  has  formed  a  crystalline  cake  in  the  bottom  of  the 
container. 

The  solution  is  used  exactly  as  is  Benedict's  reagent  for  sugar: 
To  about  5  cc.  in  a  test-tube  add  5  to  8  drops  of  urine  (not  over 
0.5  cc.)  and  boil  1  minute,  or  heat  in  boiling  water  for  3  to  5 
minutes.  Minute  traces  of  sugar  are  indicated  by  various  grades 
of  turbidity,  as  in  Benedict's  test;  larger  amounts,  by  unmistak- 
able cuprous  oxide  precipitates.  The  test  is  quite  as  sensitive 
and  reliable  as  Benedict's  and  a  trifle  more  prompt.  The  only 
point  of  distinction  which  should  be  noted  in  the  use  of  this  re- 
agent is  that  unless  a  very  marked  turbidity  is  noted  in  the  hot 
solutions  the  result  must  be  regarded  as  clinically  negative.  The 
sUght  turbidity  occurring  after  cooling  represents  only  the  re- 
ducing action  of  normal  urine. 

Quantitative  Titration  of  Sugar  in  Urine, — The  quantitative 
method  described  below  for  the  titration  of  sugar  in  mine  we 
believe  to  be  practical  and  inexpensive. 

The  only  solution  required  is  an  acidified  copper  sulfate  solu- 
tion containing  60  gm.  of  CuS04.5HOj  per  liter.'  5  cc.  of  this 
solution  correspond  to  25  mg.  of  dextrose  or  levulose,'  45  mg.  of 
anhydrous  maltose,  or  40.4  mg.  of  anhydrous  lactose.  The  other 
necessary  reagent  is  a  dry  mixtiu-e  containing  100  gm.  of  diso- 
dium  phosphate  crystals  (HNa2P04.12HiO),  60  gm.  of  dry 
sodium  carbonate  (Na2C03.H20),  and  30  of  sodium  or  potassium 
sulfocyanate.    These  salts  are  mixed  together  in  a  large  mortar; 

'  Pure  copper  sulfate  solutions  gradually  decompose  slightly  giving  a 
sediment  of  copper  hydroxide,  or  silicate.  This  decomposition  is  presum- 
ably caused  by  the  solvent  action  on  the  glass.  To  prevent  it  add  about 
2  cc.  of  concentrated  sulfuric  acid  for  each  30  gm.  of  copper  sulfate  used, 
in  making  the  standard  6  per  cent  copper  sulfate  solution. 

*  In  titrations  of  levulose  the  oxidation  is  so  rapid  and  complete  that 
practically  no  attention  need  be  paid  to  the  time  factor,  so  important  in 
the  titration  of  other  sugars.  A  levulose  titration  can  be  finished  in  about 
2  minutes. 

The  dextrose  and  levulose  used  were  Kahlbaum  preparations  giving 
correct  polariscope  values.  The  milk  sugar  was  purified  by  recrystalli- 
zation  from  dilute  alcohol  and  acetone.  The  maltose  was  a  sample  of 
Kahlbaum 's,  but  contained  traces  of  dextrin.  It  was  purified  by  dialyi- 
ing  for  3  hours,  and  the  maltose  value  determined  by  the  polariscope  in 
the  dialysate  was  accepted  as  representing  pure  maltose.  We  have  not 
been  able  to  obtain  any  strictly  pure  maltose. 
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the  mixture  keeps  indefinitely.*  Less  than  1  -gm.  of  the  sulfo- 
cyanide,  now  so  difficult  to  obtain,  is  consumed  for  each  titration. 

The  titrations  are  made  in  test-tubes.  By  this  innovation 
the  following  advantages  are  gained:  (1)  the  cost  of  chemicals  is 
greatly  reduced;  (2)  the  preliminary  heating  period  is  very  short; 
(3)  there  is  no  need  for  regulating  the  flame  to  some  definite 
speed  of  boiUng  as  this  is  accomplished  by  moving  the  test-tube 
side  wise  through  the  flame;  (4)  the  disappearance  of  the  last 
traces  of  blue  color  is  more  sharply  marked  because  the  volume 
of  liquid  is  small;  (5)  there  is  little  or  no  return  of  any  blue  or 
green  color  at  the  end  of  the  titration.  Independently  of  the 
shape  of  vessel  used  for  the  titration  the  return  of  a  blue  or  green- 
ish color  by  reoxidation  is  very  slow  in  our  titration  mixtures. 
Using  pure  sugar  solutions  and  test-tubes  the  titrated  solutions 
remain  colorless  for  several  hours. 

The  titrations  are  made  on  undiluted  urine  even  when  as 
much  as  6  or  7  per  cent  of  sugar  is  present.  This  simplification 
is  made  possible  by  attaching  to  the  tip  of  an  ordinary  25  cc. 
glass-stoppered  burette  another  tip,  consisting  of  a  glass  tube 
drawn  out  at  one  end  to  an  almost  capillary  bore.  It  is  a  very 
simple  matter,  and  requires  only  a  few  minutes*  work,  to  make 
a  dozen  such  tips  which  will  deliver  between  45  and  55  drops  of 
urine  per  cc.  We  have  found  these  fine  tips  very  helpful  in  many 
other  kinds  of  accurate  titrations;  they  permit  the  measurement 
of  a  fraction  of  1  cc.  with  almost  as  great  an  accuracy  as  the 
measurement  of  5  cc.  with  an  ordinary  burette. 

The  burettes  carrying  accessory  tips  are  most  conveniently 
filled  by  suction  instead  of  by  pouring  in  the  urine  from  the  top. 
This  mode  of  filling  the  burette  avoids  all  spilUng  of  urine,  all 
foaming  within  the  burette,  and  all  waiting  for  the  meniscus  to 
reach  the  proper  level.  The  fiUing  of  the  burette  by  suction  has 
also  the  advantage  that  it  eliminates  the  necessity  of  rinsing  the 
burette  with  the  sugar  solution  or  urine  to  be  titrated.  A  5  per 
cent  urine  can  be  used  directly  after  a  0.5  per  cent  one,  or  vice 
versa.  That  this  is  the  case  can  be  shown  by  filUng  the  burette 
with  water  after  it  has  just  been  emptied  from  a  urine  containing 

*  When  first  made  the  salt  mixture  tends  to  cake  or  set  a  trifle. .  If  it  is 
left  in  the  mortar  or  other  vessel,  covered  with  paper,  over  night  and  is 
then  stirred  up  once  more,  before  bottling,  it  does  not  harden  again. 
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5  per  cent  of  sugar  and  then  testing  the  water  in  the  lower  part 
of  the  burette  for  sugar.  It  contains  no  sugar.  For  the  suction 
we  use  a  rubber  tube  about  30  cm.  long,  having  a  glass  tip  at  the 
lower  end;  we  attach  it  to  the  burette  by  means  of  a  small  rub- 
ber stopper  and  a  bent  glass  tube;  since  the  burette  needs  no 
cleaning  or  rinsing  the  suction  arrangements  need  seldom  be 
removed.  The  rubber  tube  can  of  course  be  omitted.  The 
essential  point  is  merely  to  fill  the  burette,  like  a  pipette,  from  the 
bottom  by  nieans  of  suction. 

Sugar  Titration, 

Fill  the  burette  as  described  (by  suction)  to  the  zero  mark. 
Into  a  test-tube  introduce  a  pebble,  5  cc.  of  the  copper  sulfate 
solution  (corresponding  to  25  mg.  of  dextrose),  and  4  to  5  gm.  of 
the  dry  salt  mixture.  Shake  and  heat  until  a  clear  solution  is 
obtained;  this  takes  usually  only  a  few  seconds.  Add  25  drops 
of  the  urine  and  boil  very  gently  for  2  minutes.  If  all  the  copper 
has  been  reduced  the  urine  contains  probably  more  than  5  per 
cent  sugar.  In  that  case  the  determination  must  be  started 
over  again.  If  the  copper  is  but  slightly  reduced,  yielding  only 
a  small  amount  of  white  precipitate,  add  more  urine,  from  10  to 
25  drops  depending  on  the  amount  of  unreduced  remaining  cop- 
per, and  boil  gently  for  another  minute.  If  at  the  end  of  the 
second  boiling  period  most  of  the  copper  has  been  reduced,  com- 
plete the  titration  by  the  drop  system,  keeping  count  of  the  num- 
ber of  drops  added  and  boiling  1  minute  after  each  subsequent 
addition  of  urine.  At  the  end  of  the  titration  determine  how 
many  additional  drops  of  urine  are  required  to  give  a  volume  of 

1  or  2  cc.  For  example,  if  37  drops  were  used  in  reducing  the 
copper  another  15  drops  may  be  required  to  give  a  volume  of  1 
cc.  and  the  volume  of  urine  taken  is  therefore  ||  of  1  cc.  Or  if 
70  drops  were  used  and  36  more  are  needed  to  give  a  volume  of 

2  cc,  then  the  volume  of  urine  used  is  J|  of  1  cc.  If  50  drops  of 
urine  have  not  reduced  most  of  the  copper,  then  the  titration  is 
finished  by  the  addition  of  larger  amounts  of  urine,  without 
counting  the  drops,  and  at  the  end  of  the  titration  the  volume  of 
urine  taken  is  determined,  as  in  any  other  titration,  by  the 
reading  on  the  burette.     2.5  divided  by  the  volume  of  urine 
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taken,  whether  this  is  several  cc.  or  a  fraction  of  1  cc,  gives  the 
per  cent  of  sugar  in  the  urine.  It  is,  of  course,  desirable  to  con- 
firm the  results  of  the  titration  by  a  repetition.  In  this  case  the 
first  addition  of  urine  should  be  only  2  or  3  drops  less  than  the 
full  amount  of  urine  required  and  the  first  boiling  period  should 
t)e  3  minutes.  The  titration  is  then  finished  by  boiling  1  minute 
after  each  subsequent  addition  of  urine.  The  total  boiling  period 
must  not  be  less  than  4  minutes,  and  if  it  is  more  than  7  the  re- 
sults obtained  tend  to  be  a  trifle  high.  5  to  6  minutes  is  the  time 
for  which  the  copper  value  has  been  adjusted. 

For  accurate  work  two  precautions  must  be  observed  in  con- 
nection with  the  drop  system  of  sugar  titration.  The  drops 
should  be  delivered  at  a  slow  rate  of  speed,  not  faster  than  1 
drop  per  second.  And  the  portion  of  the  burette  most  used,  the 
first  2  cc,  should  be  calibrated.  (1  cc.  of  distilled  water  weighs 
about  997  mg.)  After  the  first  2  cc.  of  the  burette  have  been 
calibrated  by  weight  the  remaining  parts  of  the  burette  can  be 
calibrated  in  a  few  minutes  by  means  of  the  drop  system. 

Special  Burette  for  Sugar  Titrations. — ^While  very  satisfactory 
results  are  obtained  in  the  titration  of  imdiluted  sugar  urines 
by  means  of  ordinary  burettes  and  the  drop  system  described  in 
the  preceding  section,  we  recognize  that  many  who  do  or  teach 
sugar  titrations  will  prefer  to  pay  for  fine  burettes  and  thus  do 
away  with  the  necessity  of  keeping  count  of  the  nimiber  of  drops 
used  in  each  titration.  Further,  a  small  burette  has  the  advan- 
tage that  two  or  more  titrations  can  be  made  with  as  little  as  10 
cc.  of  urine  or  sugar  solution — ^an  important  consideration  when 
teaching  large  classes,  and  also  for  certain  kinds  of  work,  as,  for 
example,  for  the  titration  of  sugar  in  himian  milk.  We  recom- 
mend for  this  work  5  cc.  burettes  with  glass  stop-cocks  graduated 
in  0.02  of  a  cc.^    These  burettes  can  be  read  to  within  0.01  of  1  cc. 

These  burettes  must  be  filled  by  suction.  The  tips  of  the 
burettes  are  necessarily  too  coarse  to  deliver  more  than  25  or  30 
drops  per  cc.  The  fine  accessory  tips  delivering  45  to  55  drops 
per  cc.  already  described  are  therefore  highly  desirable  in  con- 
nection with  these  burettes.  In  other  words,  the  burettes  should 
be  used  just  as  ordinary  burettes  are  used  in  the  drop  system* 

'  Our  burettes  are  made  by  the  Meyer  Camera  and  Instrument  Company, 
31-33  East  27th  Street,  New  York. 
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described    above   except    that   the    counting   of  the    drops    is 
omitted. 

The  sugar  titration  described  above  has  been  adapted  to  the 
use  of  test-tubes  instead  of  evaporating  dishes,  beakers,  or  flasks^ 
and  it  has  been  adapted  to  the  use  of  undiluted  urine.  The  ob- 
jection to  the  traditional  dilution  of  urine  to  a  sugar  concen- 
tration of  0.5  to  1  per  cent  is  that  it  cannot  be  properly  made 
except  on  the  basis  of  a  preliminary  sugar  titration.  (In  the 
hands  of  medical  students  with  a  limited  supply  of  measuring 
utensils  the  most  frequent  cause  of  gross  errors  in  sugar  determi- 
nations is  one  or  another  error  or  carelessness  in  connection  with 
the  dilution.)  Our  sugar  titration  can,  of  course,  also  be  made  with 
sugar  solutions  containing  only  one-half  of  1  per  cent  of  sugar 
and  can  therefore  be  made  with  sugar  urines  diluted  to  such  a 
sugar  concentration.  It  can  also  be  adapted  to  the  xise  of- flasks 
instead  of  test-tubes,  but  only  at  the  expense  of  chemicals.  For 
those  who  prefer  to  use  flasks,  we  recommend  that  the  standard 
copper  solution  contain  3  per  cent  instead  of  6  per  cent  copper 
sulfate.  For  10  cc.  of  this  solution  (corresponding  to  25  mg.  of 
dextrose)  10  gm.  of  the  dry  alkaline  salt  mixture  should  be  taken. 
If  much  less  salt  than  that  prescribed  is  used  the  white  cuprous 
sulfocyanide  is  hydrolyzed  and  traces  of  red  cuprous  oxide  begin 
to  appear  and  the  end-point  of  the  titration  becomes  less  readily 
visible.  We  beUeve  that  very  few  who  have  once  become  familiar 
with  the  use  of  test-tubes  in  sugar  titrations  will  go  back  to  the 
use  of  flasks,  beakers,  or  other  vessels. 

Sugar  in  Urine. 


No.  of  urine. 

Now  method. 

Benedict's  method. 

per  cent 

ptr  cent 

per  eerU 

1 

1.8 

1.78 

1.81 

.2 

4.16 

4.2 

4.12 

3 

2.94 

2.94 

2.99 

4 

1.41 

1.43 

1.39 

5 

0.98 

1.05 

0.98 

6 

6.66 

6.56 

6.63 

7 

1.56 

1.54 

1.52 

8 

2.84 

2.96 

2.89 

9 

4.5 

4.56 

4.45 

10 

3.62 

3.74 

3.68 
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Sugar  urines  frequently  contain  albumin.  Albumin  does  not 
destroy  the  accuracy  of  the  sugar  titration  described  in  this 
paper.  Because  of  the  foaming  produced  by  albimiin  it  is,  how- 
ever, desirable,  indeed  necessary,  to  use  rather  large  test-tubes 
and  to  boil  cautiously  so  that  the  contents  do  not  boil  over.  The 
albumin  does  alter  the  appearance  and  probably  also  the  com- 
position of  the  cuprous  precipitate,  making  it  more  flocculent  and 
bulky;  but,  as  already  stated,  the  end-point  of  the  titration  is  not 
changed  or  obscured  by  the  presence  of  albiunin. 
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THE  DETERMINATION  OF  LACTOSE  IN  MILK. 

By  otto  FOUN  and  W.  DENIS. 

(From  the  Biochemical  Laboratariee  of  Harvard  Medical  School  and  of  the 
Maeeachueette  General  Hospital,  Boston,) 

(Received  for  publication,  January  25,  1918.) 

In  this  paper  we  describe  two  methods  for  the  determinatioi^ 
of  the  sugar  in  milk^-a  titration  method  and  a  colorimetric 
method.  Of  the  two  procedures  we  believe  the  titration  to  be 
the  more  accurate.  The  colorimetric  method  has,  however,  the 
advantage  that  by  means  of  it  a  very  large  nun^ber  of  determi- 
nations can  be  made  more  or  less  simultaneously. 

/.  TitroHm  Method. 

In  the  sugar  titration  method  of  Folin  and  McEllroy  40.4  mg.  of 
aohydrous  lactose  have  the  same  reducing  value  as  25  mg.  of  dex-f 
trose.  The  lactose  value  was  determined  by  us  because  it  was 
.thought  that  the  method  might  prove  quite  as  serviceable  for  the 
titration  of  the  lactose  of  milk  as  for  the  titration  of  the  dextrose 
of  urine.  Since  albumin  does  not  interfere  with  that  titration  it 
was  hoped  that  the  lactose  of  milk  could  be  titrated  directly,  that 
is  without  any  preliminary  preparation  of  protein-free  filtrates.  A 
remarkably  sknple  method  for  the  determination  of  the  sugar  in 
nodlk  would  thus  be  secured.  Our  conjecture  turned  out  to  be  cor- 
rect, for  we  have  encountered  no  difficulties  in  titrating  the  lacr 
tose  of  milk  without  first  removing  the  protein  and  the  fat.  By 
loeans  of  large  numbers  of  check  determinations,  using  protein-^ 
free  filtrates  and  determining  the  sugar  by  titration,  by  the 
polariscope,  as  well  as  colorimetrically,  we  have  satisfied  our- 
selves that  the  preliminary  removal  of  the  protein  materials  is 
superfluous.  Omitting  the  preparation  of  protein-free  milk  fl^ 
trates  eliminates  not  only  the  most  tedious  feature  of  the  older 
methods  for  titrating  the  sugar  in  milk,  but  it  also  does  away 
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with  the  cumbersome  ''corrections"  for  the  volume  occupied  by 
the  protein-fat  precipitates. 

Because  of  the  extreme  variations  in  the  sugar  content  of  urine 
it  seemed  desirable  to  be  able  to  titrate  it  without  preliminary 
dilution.  In  the  case  of  milk  the  circumstances  are  entirely  dif- 
ferent, for  the  variations  in  the  sugar  content  of  this  secretion  are 
relatively  very  small,  and  a  suitable  preliminary  dilution,  without 
any  uncertainty  and  without  any  approximate  preliminary  sugar 
titration,  can  be  made.  It  has  therefore  seemed  to  us  rather 
better  to  dilute  milk  before  titrating,  though  the  titration  can  be 
made  quite  well  without  any  such  dilution.  We  reconunend  a 
dilution  of  1: 4  (25  cc.  in  a  100  cc.  flask)  for  cow's  milk  and  1:5 
(5  cc.  in  a  25  cc.  flask)  for  mother's  milk.  In  emergencies,  as 
when  the  quantity  of  human  milk  available  for  the  sugar  titra- 
tion is  very  small,  a  dilution  of  1:6  (2  cc.  added  to  10  cc.  of 
water)  can  be  used. 

The  titration  is  made  as  follows:  Into  a  large  test-tube  intro- 
duce 2.8  to  3.4  cc.  of  the  diluted  milk  (that  is,  nearly  the  full 
amount  expected),  5  cc.  of  a  6  per  cent  copper  sulfate  solution,  a 
pebble  (to  prevent  bumping),  and  4  to  5  gm.  of  a  dry  salt  mixture 
(made  by  mixing,  in  powdered  form,  100  gm.  of  disodium  phos- 
phate, 60  gm;  of  anhydrous  sodium  carbonate,  and  30  gm.  of  so- 
dium or  potassium  sulfocyanate).  Shake,  and  boil  gently  for  4 
minutes  before  adding  any  more  milk.  At  the  end  of  this  time 
add  more  milk  (0.02  cc.  to  O.IO  cc,  depending  on  the  amount  of 
blue  color  remaining)  and  boil  again.  After  each  addition  of 
milk  (except  the  first)  boil  1  minute.  The  total  boiling  period 
should  be  5  to  7  minutes. 

For  the  measurement  of  the  milk  we  recommend  the  5  cc 
burette  and  other  accessories,  mentioned  in  the  preceding  paper 
in  connection  with  the  titration  of  sugar  urines.^ 

Calculation:  4.04  multiplied  by  the  degree  of  dilution  (4,  5,  or 
6)  and  divided  by  the  titration  figure,  gives  the  per  cent  of 
lactose  present. 

^  We  have  up  to  date  made  over  290  sugar  determinations  by  this  new 
titration  method — most  of  them  on  human  milk.  This  work  has  developed 
into  a  relatively  extensive  study  of  the  sugar  content  of  human  milk  and 
will  be  published  later. 
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//.  Colorimetric  Method  for  the  Determination  of  Lactose. 

Dehn  and  Hartman*  have  already  described  a  colorimetric 
picrate  method  for  the  determination  of  the  sugar  in  milk.  Our 
procedure  is  materially  simpler,  and  it  gives,  we  believe,  as  ac- 
curate results  as  it  is  possible  to  obtain  by  a  colorimetric  picrate 
method. 

The  method  is  as  follows:  With  an  accurate  2  cc.  pipette  trans- 
fer 2  cc.  of  milk  to  a  100  cc.  volmnetric  flask  previously  half 
filled  with  saturated  picric  acid  solution.  Fill  to  the  mark  with 
saturated  picric  acid  solution,  shake,  and  filter.  Transfer  5  cc. 
of  the  filtrate  to  a  large  test-tube  or  100  cc.  volimietric  flask, 
add  15  cc.  of  saturated  picric  acid  solution  and  3  cc.  of  20  per 
cent  sodiimi  carbonate  solution.  Mix  and  place  in  a  boiling  water 
bath  for  15  minutes.  Cool  and  dilute  to  a  volume  of  100  cc. 
The  standard  consists  of  a  solution  of  lactose  in  saturated  picric 
acid  solution.  For  use  with  cow's  milk  this  solution  should 
contain  5  mg.  of  lactose  in  20  cc.  For  use  with  human  milk  it  is 
necessary  to  employ  two  standards;  namely,  one  containing  5 
and  the  other  containing  7  mg.  of  lactose  in  20  cc.  To  20  cc.  of 
the  standard  add  3  cc.  of  the  sodium  carbonate  solution  and 
heat  simultaneously  with  the  milk  filtrate.  Cool,  dilute  to  100 
cc,  and  compare  the  colors  in  the  usual  manner  in  a  suitable 
colorimeter. 

According  to  our  experience  accurate  results  cannot  be  imi- 
formly  obtained  except  by  heating  the  standard  simultaneously 
with  the  unknown  and  it  is  therefore  absolutely  necessary  to  pre- 
pare a  new  standard  for  each  set  of  determinations.  Nor  can  the 
color  values  of  the  standard  and  the  unknown  be  more  than  20 
per  cent  apart. 

In  the  following  table  are  given  a  few  figures  representing 
parallel  determinations  of  lactose  in  milk  made  by  the  colorimetric 
and  by  the  titration  methods. 

« Dehn,  W.,  and  Hartman,  F.  A.,  /.  Am.  Chem.  Soc,  1914,  xxxvi,  404. 
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Determinations  of  Lactose  in  Cow*s  and  in  Women^s  Milk. 


No. 

LaetoM. 

Ck>Iorimetrio 
method. 

TitratioQ 
method. 

Cow  57 : 

percent 
4.42 
4.08 
4.13 
4.54 
4.87 
4.51 
4.21 
4.37 
4.60 
4.64 
3.08 
5.73 
5.07 
4.79 
6.73 
6.64 
5.87 
6.37 

percent 
4.41 

"     41 

4.30 

"     37 

4.22 

"     22 

4.46 

"     39 

4.84 

"     45.   

4.54 

"     31. 

y 

4.23 

"     31 

4.45 

"     44 

4.50   ' 

"     38 

4.68 

Mother 

1 

3.10 

« 

8 

5.75 

« 

9 

•    5.05 

« 

10 

4.83 

« 

12 

6.63 

. « 

13 

6.53 

« 

16 

5.87 

« 

17 

6.40 
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NITROGEN  CONTENT  OF  BACTERIAL  CELLS. 

L   METHOD. 

By  HAROLD  C.  BRADLEY  and  M.  STARR  NICHOLS. 

{From  the  Ldboraltory  of  Physiological  Chemistry  and  the  State  Laboratory 
of  Hygiene,  University  of  Wieconsin,  Madison.) 

(Received  for  publication,  January  5,  1918.) 

The  production  of  acids,  gases,  and  intermediate  products,  of 
toxins,  agglutinins,  and  many  other  protein  complexes  serves  to 
differentiate  strains  and  groups  of  organisms  and  at  the  same 
time  furnishes  us  with  considerable  interesting  data  in  regard  to 
bacterial  metabolism.  On  the  other  hand,  we  have  very  Uttle 
information  as  to  the  proximate  and  ultimate  composition  of 
bacteria.  The  difficulties  attending  the  growth  of  the  organism 
in  sufficient  quantity  for  accurate  analy^s  and  the  difficulties  of 
the  analytical  technique  have  largely  prevented  the  development 
of  this  aspect  of  the  work. 

We  know  that  higher  plants  differ  from  each  other  in  their 
nitrogen  content,  and  in  the  compounds  characteristic  of  each. 
Enough  work  has  already  been  done  to  indicate  that  wide  differ- 
ences may  exist  in  the  nitrogen  content  of  bacteria.  Nicolle  and 
Alilaire  (1)  and  Wheeler  (2)  give  the  results  tabulated  below  for 
the  nitrogen  content  of  various  organisms. 

The  results  show  the  wide  variation  in  the  nitrogen  content  of 
various  organisms  and  also  the  great  discrepancies  between 
analyses  of  the  same  organism  by  different  persons.  These  re- 
sults are  of  doubtful  value,  probably  because  of  the  variety  of 
conditions  maintained  during  growth,  and  because  the  technique 
allows  errors  of  considerable  magnitude  where  such  small 
amoimts  of  material  were  to  be  used.  It  was  decided  to  apply 
the  Folin  method  (3)  to  our  problem  and  after  certain  adaptations 
we  arrived  at  the  following  method  for  determining  the  nitrogen 
content  of  bacteria. 
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Kind  of  organism. 


B.  proteua  vulgaris 

Typhoid 

Anthrax 

Colon 

B.  pyocyaneus 

"   aubtilis 

"   violaceus 

"   tuberculoaia  '*  air-dried ' ' 

Chlarella  vulgaris 

B,  dysentericB  liquefaciens . . 

"   pneumonice 

"   psittacosis 

Glanders 

Sarcina  aurantiaca 


Nitrogon* 


Nioolle  and 
AliUiire. 

Wheeler. 

per  cent 

per  emt 

10.73 

6.791 

8.28 

11.55 

9.22  • 

10.28 

10.32 

10.655 

9.79 

10.843 

— 

5.964 

— 

11.765 

— 

9.27 

3.96 

— 

8.89 

— 

8.33 

— 

9.55 

— 

10.47 

— 

11.46 


Method. 

A  battery  of  ten  hard  glass  test-tubes  was  set  up  together 
with  a  sand  bath  and  Bunsen  burners  to  furnish  the  required  tem- 
perature. Inverted  funnels  with  bent  stems  connected  with 
rubber  tubes  to  a  suction  bottle  were  placed  over  the  tubes  to 
remove  the  fumes  and  exclude  the  dust. 

The  bacteria  used  in  the  experiment  were  cultures  of  BaciUus 
diphtherioB  which  had  been  isolated  from  the  throats  of  persons 
suffering  from  the  disease.  These  bacteria  were  grown  on  Loef- 
fler's  blood  senun  medium  slants  for  72  hours.  It  usually  re- 
quired eight  of  these  tubes  to  furnish  enough  material  for  one 
determination.  The  growth  of  organisms  was  removed  without 
disturbing  the  solid  medium,  by  a  glass  spade  with  rounded  edges, 
made  by  flattening  a  small  glass  rod.  The  material  was  spread 
on  a  tared  cover-slip  and  dried  in  a  calcium  chloride  desiccator 
at  37°C.  for  72  hours. 

On  account  of  the  small  amount  of  the  material  obtainable 
from  a  reasonable  number  of  tubes,  the  weighing  was  done  on 
an  assay  balance  which  was  sensitive  to  0.000005  gm.  The 
weighing  glasses  were  the  thin,  15  mm.  square  cover-slips  used 
in   bacteriological   work.    They  were   cleaned  in   concentrated 
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nitric  acid,  washed  in  distilled  water  several  times,  and  then 

finally  in  alcohol,  out  of  which  they  were  wiped  dry  when  used. 

Into  each  of  the  ten  tubes  was  placed  the  following 'charge: 

Potassium  siilfate 2.0 

Copper  sulfate 0.2 

Sulfuric  acid,  concentrated « 5.0 

Weighed  cover-slip  and  material. 

The  digestion  was  continued  for  15  minutes  after  the  liquid 
had  become  colorless.  In  practically  all  the  material  digested, 
there  was  noticed  a  small  quantity  of  material  which  digested 
with  difficulty.  After  the  digest  had  cooled  somewhat  it  was 
diluted  with  water,  made  alkaUne  with  sodium  hydroxide,  and 


TABLE  I. 

Corer-cIaBS  and  dry 
bacteria. 

Dry  bacteria. 

Net  weight  of 

Nitrogen. 

gm. 

gm. 

gm. 

Verctnt 

0.080280 

0.004655 

0.000370 

7.9 

.  0.081060 

0.004670 

0.000390 

8.3 

0.076380 

0.005730 

0.000485 

8.5. 

0.076925 

0.007095 

0.000575 

8.1 

0.085820 

0.003360 

0.000290 

8.6 

0.070600 

0.005420 

0.000440 

8.2 

0.085050 

0.007300 

0.000581 

8.0 

0.058450 

0.004040 

0.000357 

8.8 

0.056470 

0.002880 

0.000245 

8.9 

0.079020 

0.004810 

0.000413 

8.7 

0.073330 

0.001485 

0.000120 

8.4 

0.080460 

0.002575 

0.000250 

9.7* 

0.097390 

0.003390 

0.000291 

8.6 

0.089075 

0.001350 

0.000154 

11.4* 

0.065480 

0.006170 

0.000470 

7.6 

0.068180 

0.004625 

0.000490 

10.5* 

*  On  account  of  the  great  variance  from  the  average  it  seems  permis- 
sible to  omit  these  results  from  the  average. 
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aspirated  with  ammonia-free  air  into  0.1  n  sulfuric  acid.  The 
acid  solution  containing  the  ammonium  sulfate  was  Nesslerised 
and  compared  with  a  standard  solution  of  ammonium  sulfate 
similarly  Nesslerized,  by  means  of  the  Duboscq  colorimeter.  A 
convenient  strength  of  standard  to  use,  if  the  quantity  digested 
is  about  5  mg.,  contains  an  ammonia  equivalent  of  0.0000025  gm. 
of  nitrogen  per  cc.  With  every  set  of  determinations  two  blanks 
were  run  and  the  average  of  these  was  subtracted  from  the  nitrogen 
found. 

The  results  of  sixteen  separate  determinations  are  given  in 
Table  I. 

A  nitrogen  determination  was  made  on  the  Hofifnuum  ba- 
cillus, a  diphtheroid  organism,  by  this  method  with  the  results 
as  recorded  in  Table  II. 

TABLE  n. 
Nitrogen  Content  of  Bacillus  hoffmanni. 


Cover-glaaa  and  dry 
bacteria. 

Drybaoteria. 

Netwoi^tof 
nitrogon. 

Nitrogen. 

0.074110 
0.075590 

0.100210 
0.071810 

gm. 
0.002900 
0.003730 

0.006235 
0.009890 

gm, 
0.000277 
0.000356 

0.000600 
0.001020 

p«r  ant 

9.6 
9.5 

9.6 
10.3 

In  order  to  determine  the  accuracy  .of  the  method,  a  macro- 
Kjeldahl  determination  was  made  on  a  larger  quantity  of  the 
dried  diphtheria  bacteria  with  the  following  results: 

No.  1 7.9  per  cent  nitrogen. 


8.1 


SUMMARY. 

In  siunming  up  the  results  of  these  determinations  the  following 
points  seem  important: 

1.  The  nitrogen  content  of  Badllits  diphtheric^  is 

peregni 

Regular  Kjeldahl  method 8.0 

Micro-Kjeldahl  method 8.35 
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The  nitrogen  content  of  BadUus  hoffmanni  is  found  to  be  9.75 
per  cent  by  this  method.  Under  like  cultural  conditions  then, 
these  two  organisms  show  marked  differences  in  this  particular. 
2.  The  sources  of  error  met  when  an  analysis*  is  made  are 
overcome  as  follows:  (a)  The  possibility  of  contamination  of  the 
material  with  small  pieces  of  medium  is  eliminated  by  the  use  of  a 
molded  glass  spade  which  rubs  off  the  growth  without  scratching 
the  mediiun.  (6)  The  presence  of  moisture  in  the  organism 
when  weighed.  The  organisms  were  dried  under  like  conditions 
which  were  purely  arbitrary  but  which  were  found  to  be  adequate 
for  reducing  the  film  to  constant  weight.  The  analytical  results 
themselves  are  sufficiently  aUke  to  show  that  the  moisture  con- 
tent must  have  been  uniform  for  each  type,  (c)  The  error  in 
weighing.  That  this  error  is  only  apparent  is  seen  by  comparing 
the  accuracy  of  the  scale  used  with  the  amount  weighed,  (d) 
The  error  in  ammonia  obtained  from  reagents.  This  was  entirely 
accounted  for  by  running  measured  blanks  with  every  determi- 
nation, (e)  Loss  of  ammonia  by  aspiration.  In  the  first  few 
practice  runs  there  was  experienced  a  noticeable  error  at  this 
point;  however,  the  rate  of  aspiration  at  the  start  was  reduced 
and  the  total  length  of  time  prolonged  which  overcame  this 
source  of  error. 

CONCLUSIONS. 

It  is  possible  to  determine  the  nitrogen  content  of  any  bac- 
terium which  will  grow  on  a  solid  medium  without  Uquefaction 
of  that  mediiun,  by  this  method,  provided  as  much  material  as  5 
mg.  can  be  obtained. 

It  is  our  intention  to  study  further  the  nitrogen  differences  in 
bacteria  of  different  groups  and  of  different  members  of  the  same 
group. 
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IONIZATION  OF  PROTEINS  AND  ANTAGONISTIC 
SALT  ACTION. 

By  JACQUES  LOEB. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  January  30,  1918.) 

I. 

In  1899  Wolfgang  Pauli^  and  the  writer*  independently  reached 
the  conclusion  that  electrolytes  when  acting  on  proteins  formed 
ion-protein  compounds.  The  writer  anticipated  that  these  ion- 
proteins  would  explain  the  mystery  of  many  life  phenomena.  He 
was  especially  interested  in  one  of  the  most  universal  physiologi- 
cal actions  of  salts;  namely,  the  antagonistic  salt  action,  for  which 
the  annihilation  of  the  effects  of  a  high  concentration  of  a  salt 
with  univalent  cation,  e,g.  NaCl,  by  a  low  concentration  of  a 
salt  with  bivalent  cation,  e.g.  CaCU,  is  perhaps  the  best  known 
example.  Although  he  and  many  others  tried  to  demonstrate 
this  type  of  antagonism  in  proteins  they  never  succeeded.  It 
was  a  further  disappointing  fact  that  Hard}^*  found  that  globulins 
apparently  form  electrically  neutral  compounds  with  neutral 
salts  and  this  seemed  to  harmonize  with  the  older  observations 
of  Liebermann  and  Bugarszky.  Pauli*  had  expressed  the  idea 
that  a  low  concentration  of  salts  ionizes  globulins  and  thereby 
causes  their  solution,  but  even  he  assimied  not  a  real  chemical 
ecHBbination  but  adsorption  between  the  glqbuUn  and  the  salt. 

.  Meanwhile,  many  workers,  and  especially  Pauli  and  his  pupils, 
had  developed  a  nimiber  of  methods  for  discriminating  between 
the  chemical  behavior  of  ionized  and  non-ionized  proteins,  but 

»  Pauli,  W.,  Arch,  ges,  Physiol,,  1899,  Ixxviii,  314. 

•Loeb,  J.,  Arch,  ges,  Physiol.,  18^,  Ixxv,  303;  Am,  J,  Physiol,,  1900, 
iii,  327. 

•Hardy,  W.  B.,  /.  Physiol,,  1905-06,  xxxiii,  251. 
*  Pauli,  Fortschr,  naturwiss,  Forschung,  1912,  iv,  223. 
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the  surest  method  of  producing  ionized  proteins  was  to  treat 
proteins  with  either  acid  or  base.  It  was  generally  found  that 
when  a  protein  with  little  tendency  to  electrolytic  dissociation  is 
treated  with  acid  of  the  right  concentration  a  protein  salt  is 
formed  which  imdergoes  a  strong  electrolytic  dissociation,  while 
the  addition  of  a  neutral  salt  diminishes  this  degree  of  dissociation, 
as  was  to  be  expected.  Loeb  and  Wasteneys,'  and  later  the  writer 
alone,"  were  able  to  show  that  the  toxic  effect  of  acid  can  be  di- 
minished or  suppressed  by  the  addition  of  neutral  salts.  This 
was  the  first  direct  support  of  the  idea  that  antagonistic  salt  ac- 
tion was  due  to  a  transformation  of  ionized  protein  into  electrically 
neutral  protein. 

The  second  case  where  it  seemed  possible  to  attribute  antago- 
nistic salt  action  to  a  transformation  of  ionized  into  non-ionized 
protein  consisted  in  the  observation  that  the  diffusion  of  a  low 
concentration  of  KCl  mto  the  egg  of  Funduius  is  impossible  or 
extremely  slow  when  this  salt  is  alone  in  solution,  but  is  rendered 
possible  through  the  addition  of  a  small  amount  of  a  second  salt, 
e.g.  NaCl  ("salt  effect"),  and  that  the  diffusion  of  KCl  is  ren^ 
dered  impossible  again  when  more  of  the  second  salt  is  added. 
The  analogy  with  the  solubility  of  globulin  suggested  that  the 
addition  of  a  small  quantity  of  the  second  salt  caused  an  ioniza- 
tion of  some  protein  in  the  membrane  of  the  egg  which  was  sup^ 
pressed  again  by  the  addition  of  more  salt;  and  the  writer  ex- 
pressed this  idea  in  a  preliminary  notice.^  But  this  suggestion 
faces  the  uncomfortable  fact  already  referred  to  that  accordii^ 
ta  Hardy  globulins  form  non-ionized  molecules  with  neutral 
salts.' 

The  writer,  however,  has  found  a  method  which  sugge^ 
strongly  that  the  antagonism  between  NaCl  and  CaCls  is  due— 
at  least  in  the  ease  to  be  discussed — to  the  fact  that  an  ioniza^ 
tion  of  protein  is  caused  by  NaCl  and  that  this  iooization  or  its 
effect  upon  the  sweUing  is  suppressed  by  a  comparatively  small 
quantity  of  CaCU. 

*  Loeb,  J.,  and  Wasteneys,  H.,  Biookem.  Z,,  1911,  xxxiii,  489;  1912,  xzxix, 
167. 

•  Loeb,  /.  Biol,  Chem,,  1915,  xxiii,  139;  1917,  xxxii,  147. 
» Loeb,  Proc.  Nat,  AocuL  Sc,,  i91«,  ii,  511. 
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Some  of  the  experiments  have  abready  been  published.'  Into 
a  cylindrical  fimnel  2  gm.  of  finely  powdered  non-bleached^  Cooper's 
gelatin  are  put;  the  powder  is  held  in  the  cylinder  by  a  circular 
piece  of  filter  paper.  Three  such  funnels  esLch  with  2  gm.  of 
gelatin  are  prepared.  The  one  (I)  is  perfused  six  times  in  suc- 
cessidh  with  25  cc.  of  distilled  water;  the  second  (II)  is  perfused 
twice  with  26  cc.  m/8  NaCl  and  then  four  times  with  25  cc.  of 
distilled  water;  the  third  (III)  is  perfused  six  times  with  25  cc. 
m/8  NaCl.  In  I  and  III  a  moderate  swelling  occurs,  which  soon 
reaches  its  maximmn.  The  gelatin  in  II,  first  treated  with  NaCl 
and  subsequently  with  distilled  water,  swells  several,  hundred 
per  cent  more  than  either  the  gelatin  treated  only  with  distilled 
water  (I)  or  the  gelatin  (III)  treated  only  with  NaCl. 

The  explanation  of  this  experiment  is  as  follows.  Gelatin  II 
forms  under  the  influence  of  a  comparatively  high  concentration 
of  NaCl  (m/8  or  m/4)  a  compound  with  NaCl  which  is  capable 
of  ionization.  This  ionization  is  lowered  through  the  presence  of 
the  highly  concentrated  NaCl  solution.  When,  however,  this 
latter  solution  is  washed  away  by  successive  perfusions  of  the 
gelatin  with  distilled  water  the  gdatin-NaCl  compound  can  dis- 
sociate into  gelatin  and  an  inorganic  ion,  the  nature  of  i^ch  we 
shall  discuss  later.  It  has  been  shown  by  Pauli  and  by  Procter^® 
that  the  swelling  of  protein  wader  the  influence  of  acid  or  base  is 
due  to  the  ionization  of  protein  by  the  acid  and  the  writer  as- 
sumes that  the  increase  in  the  amount  in  swelling  of  the  mass  of 
gelatin  first  treated  with  NaCl  and  then  washed  with  distilled 
water  is  due  to  the  fact  that  part  of  the  gelatin  is  transformed  into 
protein  ions  by  the  salt,  and  that  this  ionization  and  the  swelling 
can  only  appear  when  the  NaCl  solution  held  in  the  capillary 
spaces  of  the  powder  is  washed  away.  This  statement  is  sup- 
.  ported  by  the  following  facts. 

1.  A  large  nmnber  of  funnels  are  prepared,  each  with  2  gm. 
of  powdered  gelatin  and  each  is  perfused  twice  with  25  oc.  m/8 
NaCl.    Subsequently  each  funnel  is  perfused  three  times  with 

•  Loeb,  jr.  Biol,  Chem.,  1917,  xxxi,  343.      * 

*  Bleached  gelatin  as  well  as  bleached  pig's  bladder  does  not  give  the 
same  results,  probably  on  account  of  an  alteration  in  the  constitution  of 
the  protein. 

i«  Procter,  H.  R.,  and  Wilson,  J.  A.,  J,  Chmn.  Soc.,  1916,  cix,  307. 
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25  cc.  of  a  definite  NaCl  solution  lower  than  m/8  NaCl;  namely, 
m/16,  m/32,  m/64,  m/128,  etc.,  down  to  m/2048  or  lower.  It  is 
found  that  after  three  perfusions  the  additional  swelling  of  the 
gelatin  becomes  noticeable  in  the  funnel  which  has  been  washed 
with  m/64  or  less  concentrated  NaCl  solution  and  that  the  ad- 
ditional swelling  increases  rapidly  with  the  diminution  df  the 
concentration  of  the  NaCl  solution.  The  explanation  is  that 
concentrations  of  NaCl  above  m/64  suppress  the  electrolytic  dis- 
sociation of  the  gelatin-NaCl  compound  to  such  an  extent  that  the 
swelUng  will  not  exceed  that  caused  when  the  gelatin  is  perfused 
permanently  with  m/8  NaCl.  Concentrations  of  m/64  and  be- 
low no  longer  suppress  the  ionization  of  the  gelatin  salt  com- 
pletely and  the  suppression  is  the  smaller  the  greater  the  dilution 
of  the  NaCl  used  for  perfusion.  Hence  the  swelling  of  the  gelatin 
increases  rapidly  with  the  dilution  of  the  NaCl  solution  below 
m/64  and  reaches  a  maximiun  when  distilled  water  is  used  for  the 
perfusion.  Table  II  gives  adequate  examples.  This  fact  had 
already  been  published.* 

2.  The  second  proof  consists  of  the  fact  that  when  the  gelatin 
powder  is  first  perfused  with  m/8  NaCl  and  then  with  a  solutioD 
of  a  non-electrolyte,  the  increasing  dilution  of  the  non-electrolyte 
is  without  effect.  Table  I  illustrates  this  statement.  The  table 
gives  the  result  of  four  sets  of  experiments.  In  each  set  about 
fourteen  cylindrical  funnels  contained  2  gm.  of  powdered  gelatin 
and  each  funnel  was  perfused  twice  with  25  cc.  m/8  NaCl.  After 
this  the  various  funnels  of  one  series  were  perfused  with  solutions 
of  either  NaCl  or  glycerol  or  cane  sugar  or  ethyl  alcohol  of  in- 
creasing dilutions.  The  sweUing  was  measured  after  three  per- 
fusions. In  order  to  allow  all  the  Uquid  not  held  by  the  gelatin 
(or  by  adhesion)  to  filter  out  the  final  measurement  was  taken 
after  24  hours.  Precautions  were  taken  to  avoid  error  by  evap- 
oration. Since  the  cross-section  of  all  the  cylindrical  funnels 
was  the  same  the  increase  in  the  height  of  the  cylindrical  mass  of 
gelatin  above  the  height  of  the  mass  reached  by  the  perfusion 
with  m/8  NaCl  may  serve.as  a  measure  of  the  additional  swelling. 

The  difference  between  the  influence  of  the  electrolyte  and  the 
non-electrolyte  is  very  striking.  Gelatin  treated  with  m/8  NaCl 
does  not  show  any  further  swelling  when  treated  with  m/8  or 
m/16  NaCl;  from  m/64  on  the  swelling  begins,  gradually  increas- 
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ing  and  reaching  its  maxioium  at  m/1024.  Gelatin  treated  with 
m/8  NaCl  and  then  treated  with  solutions  of  non-electrolytes 
from  2  M  down  swells  to  the  same  extent  as  if  it  were  treated 
with  distilled  water.  This  harmonizes  with  the  assmnption  that 
the  swelling  is  determined  by  the  degree  of  electrolytic  dissocia- 
tion of  the  gelatin. 

•  3.  It  has  been  shown  by  Pauli  and  his  fellow  workers  that 
ionized  protein  can  no  longer  be  precipitated  by  alcohol.*  If  the 
additional  swdling  of  gelatin  in  distilled  water  caused  by  the 
previous  treatment  with  m/8  NaCl  was  due  to  an  increase  in  ioni- 
zation such  gelatin  should  resist  precipitation  by  alcohol.  This  is 
most  strikingly  the  case.    When  we  dissolve  the  three  kinds  of 

TABLE  I. 


NaCl 

Glycerol 

Cane  sugar... 
Ethyl  alcohol 


Increase  in  sweUing  of  powdered  gelatin  (which  had  first  been  perfused 
with  50  00.  31/8  NaCl)  after  three  perfusions  with  25  oo.  of 


34 
42.5 


37 
35 
48.5 


40 
49 
48.5 


40 
49 
48.5 


0 
43 
5X 
48.5 


0 
42 
51 
49.5 


2.5 
42 
50 
49.5 


6 

40 
50 
49.5 


21 
41 
51 
47.5 


33.i 

41 

51 

47 


542 
43 


42 
48 
50.6 


powdered  gelatin,  I  treated  with  water  alone,  II  treated  first 
with  m/8  NaCl  and  then  with  water,  and  III  treated  with  salt 
(m/8  NaCl)  alone,  and  measure  the  quantity  of  alcohol  needed 
to  precipitate  5  cc.  of  a  3  per  cent  gelatin  solution  of  each  of  the 
three  samples,  we  shall  find  that  it  requires  about  5  cc.  of  95 
per  cent  alcohol  to  cause  a  heavy  precipitate  in  I,  and  about  7 
cc.  to  cause  the  same  precipitate  in  III;  while  in  II  no  precipitate 
is  formed  even  by  the  addition  of  20  cc.  or  more  of  alcohol;  the 
solution  assumes  only  a  bluish  tint  upon  the  addition  of  about 
20  cc.  of  alcohol. 

4.  It  was  shown  in  the  previous  paper  that  any  neutral  salt 
with  univalent  cation  acts  like  NaCl  upon  powdered  gelatin, 
inasmuch  as  a  perfusion  of  gelatin  with  a  neutral  salt  of  Li,  K, 
or  NH4*,  when  followed  by  a  perfusion  with  distilled  water, 
causes  an  additional  excessive  swelling;  while  the  perfusion  .of  the 
powdered  gelatin  with  neutral  salts  of  the  bivalent  cations,  Mg, 
Ca,  Sr,  and  Ba,  does  not  cause  any  additional  swelling  when  the 

TBX   JOXTRNAL  OF   BIOLOGICAL  CHEMISTRY,   VOL.    XXXIII,    NO.    3 
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gelatin  is  afterward  perfused  several  times  with  distilled  water. 
It  would,  therefore,  follow  that  gelatin  treated  by  neutral  salts 
with  bivalent  cations  increases  its  mass  of  gelatin  ions  either  not 
at  all  or  only  to  a  negligible  extent.  This  is  apparently  the  case. 
When  2  gm.  of  powdered  gelatin  are  first  perfused  twice  with  m/8 
CaCli  and  are  then  perfused  three  times  with  25  cc.  of  distilled 
water,  and  if  then  a  3  per  cent  gelatin  solution  is  prepared,  5  cc.  of 
such  a  solution  are  precipitated  by  slightly  less  than  5  cc.  of  alco- 
hol (at  room  temperature),  which  is  approximately  the  same  figure 
as  that  for  gelatin  not  treated  with  salt.  The  gelatin  is,  therefore, 
apparently  not  ionized  by  Ca. 

5.  This  difiference  in  the  action  of  neutral  salts  with  bivalent 
and  univalent  cations,  namely,  that  the  latter  ionize  the  gelatin 
while  the  bivalent  cations  will  apparently  not  form  ionizable  com- 
pounds, is  the  basis  of  the  antagonistic  action  between.the  two  t3rpes 
of  salt.  When  we  treat  powdered  gelatin  with  a  mixture  of  NaCl 
and  CaClf  the  addition  of  a  comparatively  small  amount  of  CaClj 
to  m/8  NaCl  will  inhibit  the  swelling  which  would  follow  if  the 
gelatin  were  perfused  first  by  the  NaCl  alone  and  then  by  dis- 
tilled water.  It  can  be  shown  that  when  we  perfuse  2  gm.  of 
powdered  gelatin  twice  with  25  cc.  of  50  cc.  m/8  NaCl  +  4  cc. 
m/8  CaClj,  and  then  three  times  with  distilled  water,  the  gelatin 
is  precipitable  by  alcohol;  while  if  we  use  the  pure  m/8  NaCI  or 
50  cc.  m/8  NaCl  +  1  or  2  cc.  of  m/8  CaCU  the  3  per  cent  gelatin 
solution  freed  from  the  salt  is  not  precipitable  by  alcohol.  We, 
therefore,  come  to  the  conclusion  that  the  phenomenon  of  swell- 
ing of  gelatin  imder  the  influence  of  neutral  salts  with  univalent 
cation  and  the  inhibition  of  this  swelling  by  neutral  salts  with 
bivalent  cation  (alkaline  earths)  are  due  to  the  fact  that  the  former 
salts  cause  the  formation  of  ionizable  gelatin  salts,  while  the 
latter  apparently  cause  the  formation  of  non-ionizable  gelatin  salts. 

II. 

We  may  raise  the  question:  Which  of  the  possible  cases  of 
ionization  actually  occurs  when  gelatin  is  treated  with  neutral 
salts  with  univalent  cation,  like  NaCl?  If  we  assume  that  the 
gelatin  molecule  combines  with  both  anion  and  cation  the  neutral 

/Na 
complex  gelatin<^        can  give  rise  to  three  types  of  protein  ions: 
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(1)  Gelatin-Cl  +  Na+ 

(2)  Gelatin-Na  +  Cl" 

+   - 

(3)  Gelatin  +  Na+  +  CI- 

-  + 

In  (1)  gelatin  ion  would  be  negative,  in  (2)  gelatin  ion  would 

be  positive,  and  in  (3)  the  gelatin  ion  would  have  both  a  nega- 
tive and  a  positive  charge  in  different  parts  of  the  molecule. 
We  shall  see  that  the  facts  speak  in  favor  of  (1);  namely,  an  ex- 
clusive or  a  prevailing  formation  of  negative  gelatin  ions.  Ac- 
cording to  our  assumption  the  additional  swelling  of  gelatin  due 
to  ionization  should  begin  when  the  salt  solution  used  for  per- 
fusion to  wash  out  the  m/8  NaCl  is  so  dilute  as  not  to  suppress 
the  electrolytic  dissociation  of  the  gelatin-salt  compound  com- 
pletely. Sinc6  this  suppression  depends  upon  the  common  ion  of 
the  gelatin-salt  compound  and  the  salt,  it  should  be  possible  to 
ascertain  which  this  common  ion  is,  the  anion  or  the  cation  of 
the  salt.     If,  for  instance,  the  dissociation  of  the  gelatin  salt 

occurs  according  to  (1)  into  gelatin  +  Na+,  the  lowest  concen- 
tration of  NajSOi  which  just  allows  the  additional  swelling  of 
a  gelatin  previously  treated  with  m/8  NaCl  should  be  about 
one-half  of  that  in  which  the  swelling  begins  when  lower  con- 
centrations of  NaCl  are  used;  since,  e.g.,  a  m/256  Na2S04  solution 
sends  about  twice  as  many  Na  ions  into  solution  as  does  a  m/256 
NaCl  solution.  In  other  words,  that  concentration  of  a  salt 
which  is  just  able  to  inhibit  completely  the  subsequent  swelling 
of  gelatin  previously  treated  with  m/8  NaCl  should  depend 
only  upon  the  concentration  of  the  cation  of  this  salt,  if  the  type 
(1)  of  the  dissociation  of  the  gelatin  salt  exists;  namely, 

(1)     Na-gelatin  -^  gelatin  +  Na 

This  is  the  case.  We  know  from  Table  I  that  the  inhibiting 
concentration  of  NaCl  for  the  additional  swelling^^  of  gelatin  pre- 
viously treated  with  m/8  NaCl  is  m/64  NaCl.    In  this  concen- 

^^  By  additional  swelling  we  mean  the  swelling  which  takes  place  as  a 
consequence  of  the  previous  treatment  with  m/8  NaCl,  when  the  excess 
of  the  salt  is  removed  and  the  ionization  of  the  gelatin  salt  no  longer 
too  much  depressed. 
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tration  an  increase  of  5  mm.  in  the  height  of  the  cylindrical  mass 
of  gelatin  wilt  show  itself.  With  a  further  dilution  of  NaCl  the 
swelling  of  the  gelatin  increases  very  rapidly. 

We  now  imdertook  the  following  series  of  experiments.  We 
perfused  2  gm.  of  powdered  non-bleached  gelatin,  as  in  the  pre- 
vious experiments,  first  with  50  cc.  m/8  NaCl,  and  followed  this 
with  a  perfusion  with  solutions  of  different  neutral  salts  of  in- 
creasing dilution.  Table  II  gives  the  results  of  such  a  series  of 
experiments. 


.. 

TABLE  n. 

Additional  flwellinc  of  2  gm.  powdered  gelatin  previously  perfused 

twice  with  26  oc.  11/6  NaCl  and  three  times  with  25  cc.  of 

the  following  solutions. 

• 

9 

CO 

2.5 

1 

6 

15 

21 

a 
33.5 

1 
42 

48   - 

i 

S 
1 

0 

NaCl 

0 

0 

54 

NaBr 

0 

2.0 

2.0 

6 

12.5 

17.5 

27 

43 

42 

46 

53 

52.5 

NaNO, 

1 

? 

4 

7 

12.5 

19.5 

29.5 

39 

43.5 

51 

49 

54 

Na  acetate 

1.5 

1.6 

3 

6.6 

15 

22 

31 

38 

45.5 

44 

48 

55 

NaCNS 

1 

3.5 
1.5 

4 

2.5 

7 

3.5 

12 

21 

31 

40 

46 

53 
47 

58 
55 

60 

Na,S04 

8 

14 

22.5 

30 

39 

54 

Naj  oxalate 

2 

2 

2 

3.5 

66 

14.5 

24 

29 

35 

46 

50 

56 

Na*  tartrate 

2 

2 

2 

3 

6.6 

13.5 

23 

32.5 

43 

46 

52.556.5 

Nai  malate 

0 

1 

1 

2.5 

6 

13 

20 

31 

35 

39 

43 

51 

While  the  sodium  salts  with  monovalent  anion  all  show  the  be- 
ginning of  additional  swelling  (i.e.  swelling  amounting  at  least  to 
5  mm.  increase  in  height  of  column)  in  a  dilution  of  m/64  the 
sodium  salts  with  bivalent  anion  show  this  increase  in  twice  this 
dilution;  namely,  m/128.  This  would  indicate  that  the  metal 
ion  alone  or  prevailingly  determines  the  degree  of  electrolytic 
dissociation  of  the  gelatin  sodium  salt.  In  other  words,  the 
gelatin  salt  formed,  when  gelatin  is  treated  with  NaCl,  dissociates 

exclusively  or  prevailingly  in  the  form  gelatin  +  Na."^    The 
anion  plays  obviously  a  minor  if  not  a  negUgible  part. 

When  we  test  3  per  cent  solutions  of  such  gelatin  with  alcohol 
we  find  that  the  solution  always  becomes  non-precipitable  as 
soon  as  the  swelling  becomes  marked. 
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When  we  treat  gelatin  first  with  m/8  NaCl  and  then  with  dilute 
solutions  of  salts  of  other  monovalent  cations  the  results  should 
be  essentially  the  same  as  if  we  treated  the  gelatin  with  solutions 
of  NaCl,  since  a  compound  gelatin-Na  should  exchange  rts  metal 
with  Li  or  K  or  NH4  without  essential  molecular  alteration. 
Hence  the  results  should  remain  practically  the  same  if  a  treat- 
ment with  m/8  NaCl  is  followed  by  solutions  of  NaCl  or  of  LiCl 
or  KCl.    This  is  true,  as  Table  III  shows. 

TABLE  in. 


LiCl 

KCl 

NH4CI............ 

LitS04 

KjSOi 

(NH4),S04 

Ks  oxalate 

(NH«)s  oxalate 

Ki  tartrate 

(NH4)i  tartrate... 


Additional  swellinc  of  i)owder«d  g»latin  perfused  twioe  with  S5  oo. 
K/8  NaCl  and  three  timee  with  25  oo.  of  the  fo!lowinc  solutiona. 


3 

1 

1.5 

1 

0 

0 

2 


1.5 

2 

2 


0 

1.5 

1.5 

1 
1 
0 
1.5 


3.5 
2.5 
2 


2 

0.5 

2 

1.5 

1 

1.5 

2 


6 

6.6 

6 


2.5 

3.0 

3 

3.5 

2.5 

1.5 

5  ? 


10.5 
11.5 
13 


15 
16 
23 


10 

11 
12 
17 
11. 
13 
16. 


24.5 

24 

22.5 


19.5 

20 

18 

22.5 

22.5 

19 

22 


34.5 

33 

39.5 


30.5 

29 

26 

25 

27 

28 

35.5 


44.5 
38.5 
48 


45.5 

40.5 

42 

33.5 

36.5 

37 

43.5 


52 
44 
47 


53.5 
46.5 


51 

42 

50 

43 

48.5 

42 

49.5 


51 

50.5 

45 

46.5 

49 

46 

52 


« 

57.5 
53.5 
56 

60 

54.5 

53 

55 

54 

53 

55 


For  the  chlorides  the  swelling  becomes  noticeable  at  a  dilution 
of  m/64,  for  the  sulfates,  oxalates,  and  tartrates  at  nearly  twice 
the  dilution;  namely,  about  m/128.  Only  Li2S04  is  an  apparent 
exception  for  reasons  still  to  be  investigated. 

It  was  shown  by  8pecia,l  controls  that  if  we  first  treat  powdered 
gelatin  with  m/8  Na2S04  and  follow  this  by  weaker  concentra- 
tions of  Na2S04  we  get  the  same  critical  value  for  the  com- 
mencement of  swelling  as  when  we  first  treat  the  gelatin  with 
m/8  NaCl  and  follow  this  with  weaker  concentrations  of  Na2S04; 
namely,  m/128.  m/8  LiCl  followed  by  different  concentrations 
of  LiCl  gives  the  same  critical  value  for  the  commencement  of 
swelUng  as  m/8  NaCl  followed  by  different  concentrations  of 
LiCl. 

If  the  anion  has  a  distinct  effect  it  must  show  itself  in  corn- 
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paring  the  effects  of  washing  with  MgCIs  and  MgSO^  and  of  CaCIs 
and  CaS04.  When  we  perfuse  powdered  gelatin  first  with  m/8 
NaCI  and  then  with  CaCU  solutions  of  a  higher  degree  of  dilu- 
tion we*  must  expect  a  lower  limit  of  concentration  where  the 
swelling  begins,  since  CaCU  by  replacing  the  NaCl  in  combina- 
tion with  gelatin  transforms  the  ionizable  gelatin  into  a  less  ion- 
izable  or  otherwise  modified  complex.  The  concentration  of 
CaClj  must  therefore  become  comparatively  low  before  swelling 
becomes  possible.  If  the  additional  swelling,  i.e.  the  ionization 
of  the  gelatin,  depends  on  the  cation  alone  or  predominantly, 
CaS04  and  MgSO*  should  have  the  same  critical  concentration  for 
the  commencement  of  the  swelling,  which  is  the  case,  as  Table 
IV  shows.    The  critical  concentration  for  all  the  salts  is  m/512. 


TABLE  IV. 


MgCl,. 
MgS04 
CaCl,. 
CaS04. 

SrClf. 
BaClt. 


Additional  swdlinc  of  powdered  gelatin  perfused  twice  with  35  ee.  m/S 
NaCl  and  then  three  times  with  26  oe.  of  the  following  solutiona. 


0 

1.5 

0 

0 
0 


0 

0 
0 
-3.5 
0 
0 


4 
1 

1.5 
-2.5 
1 
1 


13 
7.5 

8 

+8.5 

8 

10 


26 

22.5 

24 

18.5 

18 

21 


42 

38 

39 

37.5 

36 

40 


49 
48 
48 
43 
43 
45 


52 
63 
47 
55 
52 
50 


All  these  facts  support  the  idea  that  neutral  salts  form  com- 
pounds with  gelatin  which  dissociate  into  a  positive  metal  ion 
(that  of  the  salt  used)  and  into  a  negatively  charged  protein  ion 
which  may  or  may  not  contain  the  anion  of  the  salt.  This  idea 
was  tested  by  experiments  on  the  migration,  in  an  electric  field, 
of  gelatin  treated  with  m/8  NaCl  and  then  freed  from  the  salt 
by  washing.  Such  gelatin  migrates  to  the  anode  as  our  theory 
demands. 

III. 

The  idea  that  only  the  cation  enters  into  the  ionization  of 
gelatin  might  be  interpreted  to  mean  that  a  reaction  of  the  fol- 
lowing kind  occurs  between  gelatin  and  NaCl: 
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RCOOH  +  NaCl  -^  RCOO-Na  +  HCl. 

In  this  case  the  supernatant  solution  should  have  an  acid  reac- 
tion.    This  was  not  the  case. 

PauU  makes  another  suggestion  based  on  the  fact  that  proteins 
in  general  are  stronger  acids  than  bases,  and  that  hence  they  must 
undergo  a  stronger  hydrolytic  dissociation  where  they  act  as 
base  than  where  they  act  as  acid.  If  such  a  protein  combines 
with  NaCl  the  CI  would  undergo  hydrolytic  dissociation  and  be 
washed  away  as  free  HCl.  But  if  this  were  the  case,  the  water 
with  which  NaCl-gelatin  is  washed  should  have  an  acid  reac- 
tion. Although  we  were  not  able  to  demonstrate  such  an  acid 
formation,  we  should  remember  that  Uttle  acid  was  formed  at 
the  utmost  and  that  some  of  it  may  have  been  bound  again  by 
gelatin  molecules.  The  important  fact  is  that  under  the  influ- 
ence of  a  neutral  salt,  of  the  type  NaCl,  the  gelatin  forms  a  sodimn 
gelatinate,  which  dissociates  electrolytically  into  a  negatively 
charged  gelatin  ion  and  a  positively  charged  metal  ion — that  of 
the  salt  used. 

This  assumption  is  further  supported  by  hydrogen  ion  deter- 
minations which  Dr.  Dernby.  has  made  in  my  laboratory  and 
which  I  incorporate  here  with  his  permission.  The  writer  had 
shown  in  a  previous  paper  that  pig's  bladder  behaves  Uke  pow- 
dered gelatin  inasmuch  as  it  shows  a  considerable  additional 
swelling  in  HjO  when  previously  treated  with  NaCl  or  any  neu- 
tral salt  with  imivalent  cation;  while  no  such  additional  sweUing 
in  H2O  occurs  after  previous  treatment  with  neutral  salts  with 
bivalent  cation.  Dr.  Dernby  found  that  when  the  membranes 
treated  with  m/8  NaCl  (or  KCl,  etc.)  were  afterward  put  into 
distilled  water  the  latter  became  slightly  alkaUne;  but  that  this 
was  not  the  case  when  the  pig's  bladder  was  previously  treated 
with  CaCl,. 

Dr.  Dernby  determined  the  hydrogen  ion  concentration  by 
Sorensen's  colorimetric  method,  using  his  standard  phosphate 
solutions  and  neutral  red  as  indicators.  In  all  these  experiments 
the  hydrogen  ion  concentration  changes  in  the  same  way  as  the 
swelling.  Where  a  strong  additional  swelling  occurs,  as  in  H2O 
after  a  previous  treatment  in  NaCl,  the  hydrogen  ion  concen- 
tration diminishes;  where  no  additional  swelling  occurs  no  change 
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in  the  hydrogen  ion  concentration  is  observed.  In  the  m/8  NaCl 
solution  where  the  membrane  does  not  swell  no  change  in  the 
hydrogen  ion  concentration  occurs. 

Dr.  Dernby's  method  was  as  follows.  Pieces  of  pig's  bladder 
of  equal  weight  (about  0.75  gm.)  were  put  into  50  cc.  of  a  salt 
solution  for  1  hour,  then  washed  repeatedly,  and  transferred  into 
50  cc.  of  distilled  water  (except  in  tfee  controls,  where  the  bladder 
remained  permanently  in  distilled  water  or  in  the  salt  solution). 

Table  V  gives  his  results. 

TABLE  V. 


Hydrosen  ion  conoentration  of  a  solution  containing  pts'a  bladder  treated 
as  stated  (expressed  with  Sdrenaen's  symbol  pH). 

After 

In  if/8 

Control  in 
disUlled  water. 

In  u/8  not 
washed. 

NaCl 
washed  in 
HiO  after 

Ihr. 

KCl 

NH^a 

NaiSO. 

About  6.4 

6.4 

6.4 

Ar*. 
0 

6.2  to  6.4 

i 

6.4 

6.4 

6.4 

1 

6.4 
7.0 

6.4 
6.4 

6.4 

Washed. 

2 

7^1 

6.8 

6.8 

6.9 

3 

7.1 

6.6 

7.2 

7.0 

7.0 

7.0 

5 

7.1 

6.6 

7.3 

7.3 

7.3 

7.3 

24 

7.1 

6.9 

7.4 

7.3 

7.3 

7.3 

In  these  experiments  the  distilled  water  and  salt  solutions  con- 
tained COf  and  this  is  the  reason  why  at  the  first  reading  the  H 
ion'concentration  is  so  high  (6.2  to  6.4  instead  of  7).  The  deter- 
minations prove  that  the  solutions  become  more  alkaline  when 
the  pig's  bladder  was  first  treated  with  a  neutral  salt  with  mono- 
valent cation.  This  agrees  with  our  assumption  of  an  elec- 
trolytic dissociation  into  a  negative  gelatin  ion  and  a  positive 
Na+  ion,  since  slight  hydrolytic  dissociation  would  lead  to  the 
formation  of  a  stronger  base  (NaOH)  and  a  weaker  acid,  gela- 
tin-COOH. 

We  had  shown  that  the  bivalent  metals,  Mg,  Ca,  Sr,  and  Ba, 
form  in  all  probability  less  ionizable  compounds  with  gelatin. 
Hence  we  should  expect  that  a  previous  treatment  of  pig's  blad- 
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der  with  Ca  should  not  increase  the  alkalinity  of  the  distilled 
water.  This  is  actually  found  to  be  the  case  by  Dr.  Demby 
(Table  VI). 


TABLE  VI. 


Hydrocen  ion  conoentrmtion  of  a  lolution  oontaining  pic*8  bladder  treated  aa 
stated  (expreased  with  Sdrenaen't  symbol  pH). 

After 

Control  in 
distilled  water. 

In  11/8  CaCIy  1  hr. 
then  in  distiUed 
water.  ' 

M/SMgClt 

i^SSrCls 

hfM. 

0 

i 

1 

About  6.5 

6.7 
7.0 
7.1 

6.4 
6.4 
6.4 

Then  transferred  into  distilled  water;  imme- 
diately after  transferring  the  H  ion  con- 
centration was  in  all  cases  the  same  pH  -  6 .2 
to  6.4. 

3 

5 

24 

6.4 
6.6 
6.9 

6.5 
6.7 
6.9 

6.5 
6.7 
6.9 

It  is  obvious  that  pig's  bladder  previously  treated  with  solu- 
tions of  MgClj,  CaCrt,  and  SrCU  does  not  cause  a  change  of  the 
same  order  in  the  reaction  of  the  water  as  was  found  for  bladder 
treated  with  NaCl  and  NH4CI.  This  harmonizes  with  the  as- 
sumption that  the  bivalent  metals  form  non-dissociable  or  less 
dissociable  gelatin  salts. 

IV. 

In  the  previous  note^  the  writer  has  stated  that  the  additional 
swelling  caused  by  a  treatment  with  NaCl  was  observed  in  pow- 
dered gelatin  and  in  pig's  bladder,  but  not  in  solid  blocks  of 
gelatin.  It  was  found  that  the  cause  of  this  difference  is  the  fact 
that  it  is  easy  to  ionize  large  masses  of  powdered  gelatin  with  a 
salt  and  then  wash  the  unnecessary  salt  solution  away,  while  this 
is  diflScult  if  not  impossible  with  solid  blocks  of  gelatin.  The 
salt  solution  apparently  diffuses  slowly  in  and  out  of  the  block. 
For  this  reason  the  following  modification  of  the  method  was 
adopted.     Powdered  gelatin  was  treated  with  a  m/8  NaCl  solu- 
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tion  in  the  usual  way,  and  the  salt  solution  was  then  removed 
by  washing  the  powdered  mass  three  or  four  times  with  distilled 
water.  After  all  the  water  had  run  off  the  mass  of  gelatin 
was  poured  into  a  beaker  and  completely  Uquefied  by  heating  for 
about  10  minutes  in  a  water  bath  of  about  40°.  This  homo- 
geneous liquid  mass  of  gelatin  was  then  put  into  a  bag  of  collo- 
dion and  exposed  to  the  draft  of  an  electric  fan  for  about  24 
hours,  when  it  had  lost  most  of  the  water.  When  such  blocks 
of  gelatin,  previously  treated  with  m/8  NaCl  and  freed  from  the 
NaCl  solution  by  repeated  washings  with  HjO,  were  put  into 
HfO  they  showed  the  same  excessive  swelling  as  had  been  observed 
in  the  case  of  the  powdered  gelatin;  while  this  excessive  swelling 
was  prevented  when  the  block  of  gelatin  previously  treated  wi^h 
m/8  NaCl  was  put  back  into  m/8  NaCl. 

The  following  is  an  example.  Into  each  of  three  cylindrical 
funnels  were  put  2  gm.  of  finely  powdered  Cooper's  unbleached 
gelatin.  The  gelatin  in  one  funnel  (I)  was  perfused  six  times  in 
succession  with  distilled  water.  The  second  (II)  was  perfused 
twice  with  25  cc.  m/8  NaCl,  then  four  times  with  25  cc.  of  dis- 
tilled water;  the  third  (III)  was  perfused  six  times  with  25  cc. 
m/8  NaCl.  After  aU  the  water  had  run  out,  the  weight  of  the 
first  mass  of  gelatin  was  34  gm.,  that  of  the  second,  59.15  gm., 
and  of  the  third  24.4  gm.  The  previous  treatment  with  salt  in- 
creased the  swelling  from  32  to  57  gm.  Incidentally  the  reader 
will  see  that  contrary  to  Hof meister's  statement  the  gelatin  did  not 
swell  more  when  permanently  treated  with  m/8  NaCl  than  it  did 
when  permanently  treated  with  HjO,  since  in  the  latter  case  it 
absorbed  32,  in  the  former  only  22  gm. — of  which  part  was  NaCl." 
These  three  lots  of  gelatin  were  then  put  into  collodion  bags  and 
exposed  to  the  fan  until  their  respective  masses  were  8.4  (I),  7.4 
(II),  and  6.05  (III)  gm.  The  three  masses  of  gelatin  were  then 
liquefied  by  heating  to  about  40°C.,  poured  into  a  flat  Petri  dish, 
allowed  to  gelatinize,  and  then  blocks  of  equal  size  were  stamped 
out  of  each;  the  respective  weights  of  the  three  blocks  were  7.6 
(I),  6.04  (II),  and  4.19  (III)  gm.  I  and  II  were  put  into  distilled 
water,  III  was  put  into  m/8  NaCl.  After  24  hours  the  weighing 
gave  the  following  result: 

^'  Ash  determination  showed  that  the  gelatin  contained  in  this  case  the 
same  proportion  of  NaCl  and  water  as  did  the  m/8  NaCl  solution. 
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22.02  gm.  52.8  gm.  12.9  gm. 

The  gelatin  treated  first  with  m/8  NaCl  swelled  after  removal 
of  the  salt  two  and  one-half  times  as  much  in  distilled  water  as 
did  the  gelatin  not  treated  previously  with  NaCl.  We  are, 
therefore,  justified  in  saying  that  blocks  of  gelatin  behave  in  the 
same  way  as  does  powdered  gelatin  if  only  care  is  taken  that  the 
excess  of  salt  is  removed  from  the  block  before  it  is  exposed  to 
the  distilled  water.  If  a  block  of  gelatin  is  first  put  into  m/8 
NaCl  and  then  into  distilled  water,  we  get  different  results  on 
account  of  the  slowness  of  the  diffusion  of  the  salt  into  and  out 
of  the  block. 

In  experiments  with  powdered  gelatin  we  had  found  that  the 
valence  of  the  cation  was  much  more  effective  than  the  valence 
of  the  anion.  A  previous  treatment  of  powdered  gelatin  with 
m/8  CaClj  (or  MgClj  or  SrCU  or  BaCU)  did  not  cause  the  exces- 
sive swelling  which  was  caused  by  m/8  NaCl,  and  it  was  found 
that  the  addition  of  a  small  amount  of  CaCU  to  NaCl  stopped 
the  after-effect  of  NaCl  upon  the  subsequent  swelling  of  gelatin 
in  H2O  (antagonistic  salt  action).  The  same  is  true  for  blocks  of 
gelatin  as  the  following  experiment  shows. 

2  gm.  of  powdered  gelatin  were  put  into  each  of  three  cylin- 
drical funnels.  Funnel  I  was  perfused  six  times  with  25  cc.  H2O; 
funnel  II  twice  with  25  cc.  m/8  CaCU  and  then  four  times  with 
25  cc.  H2O;  and  funnel  III  six  times  with  25  cc.  m/8  CaCU.  The 
next  day  (after  all  the  water  had  drained  off)  the  weight  of  the 
gelatin  liquefied  by  heating  to  about  40**  was 

I  II  III 

27.8  gm.  25.8  gm.  24.3  gm. 

The  CaCla  treatment  had,  therefore,  little  effect  upon  the 
swelling  of  powdered  gelatin.  The  mass  of  the  three  lots  was 
then  reduced  by  evaporating  in  a  collodion  sac  to  7.6,  7.1,  and  7.3 
gm.  each  and  blocks  of  (I)  6.2,  (II)  6.0,  and  (III)  4.7  gm.  were 
cut  out.  Blocks  I  and  II  were  put  into  distilled  water,  and 
block  in  into  m/8  CaCU.  After  41  hours  the  weight  was  as 
follows: 

I  II  III 

25.4  gm.  24.1  gm.  17.3  gm. 
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Comparing  I  and  II  we  notice  that  the  previous  treatment 
with  CaCU  did  not  increase  the  swelling  of  the  block  of  gelatin. 

In  the  same  way  all  the  experiments  on  antagonistic  salt  action 
described  in  the  previous  paper*  could  be  repeated  with  solid 
blocks  of  gelatin. 

These  and  other  experiments  allow  us  to  state  that  the  influence 
of  salts  upon  the  swelling  of  powdered  gelatin  published  in  the 
previous  paper  holds  for  solid  blocks  of  gelatin  also  if  only  care 
is  taken  to  remove  the  excess  of  salt  from  the  block.  The  results 
obtained  on  powdered  gelatin  can,  therefore,  be  utilized  for  the 
theory  of  swelling  of  gelatin  in  general. 


Our  results  contradict  the  conclusions  which  are  drawn  by 
many  authors  from  the  old  experiments  of  Hofmeister"  on  the 
influence  of  neutral  salts  and  sugar  on  the  swelling  of  gelatin. 
Hofmeister  stated  that  the  salts,  according  to  their  effect  upon 
the  swelling  of  gelatin,  may  be  divided  into  two  groups.  The  one 
group  makes  the  gelatin  swell  more  than  distilled  water,  the  other 
makes  it  swell  less  than  distilled  water.  The  former  group  in- 
cludes NaBr,  NaNOj,  NH4CI,  NaCl,  KCl.  The  second  group 
includes  the  acetates,  citrates,  tartrates,  and  sulfates;  but  also 
alcohol,  grape  sugar,  and  cane  sugar.  From  these  observations 
it  has  generally  been  concluded  that  the  anion  is  the  decisive 
factor  for  the  swelling;  and  that  Hofmeister's  results  agree  witii 
the  influence  of  salts  on  other  quaUties  of  proteins.  Such  a  con- 
clusion overlooks  Hofmeister*s  distinct  statement  tliat  alcohol 
and  sugars  act  like  acetates  and  tartrates.  This  fact  is  of  im- 
portance since  it  confirmed  Hofmeister  in  his  idea  that  the  attrac- 
tion of  the  salt  for  water  was  one  of  the  factors  by  which  salts  and 
sugars  influence  the  swelling  of  gelatin.  Thus  he  states  that  the 
sulfates,  tartrates,  citrates,  and  acetates,  attract  water  more 
powerfully  than  chlorides  or  bromides  and  hence  prevent  the 
gelatin  from  absorbing  as  much  water  as  it  does  in  pure  water 
or  in  the  presence  of  chlorides. 

Hofmeister's  method  cannot  give  any  clear  idea  concerning 
the  influence  of  salts  on  the  swelling  of  gelatin  since  this  influence 
depends  chiefly  upon  the  ionization  of  the  gelatin.    Two  proc- 

"  Hofmeister,  F.,  Arch,  ezp.  Path.  u.  Pharm.,  1891,  xxviii,  210. 
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esses  are  necessary  to  obtain  the  correct  estimate  of  the  effect  of 
this  ionization;  first,  treatment  of  the  whole  mass  of  gelatin  with 
a  sufficiently  high  concentration  of  the  neutral  salt  (M/8orM/4), 
and  such  a  treatment  can  only  be  effective  if  the  protein  is  in 
finely  divided  condition;  and  second,  removal  of  the  excess  of 
salt  in  order  to  permit  the  electrolytic  dissociation  of  the  protein. 
Neither  condition  is  fulfilled  in  Hofmeister's  method.  This  also 
explains  why  he  got  similar  results  with  sugar  and  alcohol  as 
with  sodium  acetate  and  sodium  sulfate.  The  differences  Hof- 
meister  observed  in  the  action  of  different  salts  are  comparatively 
slight  and  they  cannot  be  used  for  a  theory  of  the  action  of  salts 
on  swelling. 

Lenk"  tried  to  demonstrate  the  antagonistic  action  between 
NaCl  and  CaCU  on  gelatin.  He  used  Hofmeister's  method,  try- 
ing to  show  that  blocks  of  gelatin  swell  less  in  NaCl  solution 
when  CaCU  is  added,  but  the  effects  observed  are  small  and, 
as  the  writer  believes,  within  the  limits  of  error  of  such  ex- 
periments. Fenn^*  tried  to  show  that  gelatin  solutions  require 
less  alcohol  for  precipitation  in  the  presence  of  NaCl  when  CaClj 
is  added.  This  is  a  much  more  promising  method  for  the  study  of 
antagonistic  salt  action  than  the  one  used  by  Lenk,  but  the  re- 
sults of  Fenn  published  in  his  preliminary  notices  show  that  he 
also  studied  the  effects  of  salts  on  protein  without  first  removing 
the  excess  of  salt  so  that  he  missed  the  ionization  effect. 

Theoretical  Remarks.    ' 

The  paper  gives  a  new  and  convenient  method  for  the  investi- 
gation of  the  effects  of  electrolytes  on  the  physical  properties  of 
proteins  and  other  so  called  colloids.  This  method  leads  to  en- 
tirely different  results  from  those  obtained  by  the  old  method  of 
Hofmeister  on  the  swelling  of  gelatin,  and  this  difference  is  due  to 
the  fact  that  in  Hofmeister's  method  the  effect  of  the  salt  on 
swelling  is  observed  in  the  presence  of  an  excess  of  salt,  which,  as 
our  method  shows,  inhibits  the  additional  swelling  effect  of  the 
salt.  This  latter  is  the  only  characteristic  effect  of  the  salt  on 
the  swelling.     Hence  it  is  not  possible  to  discover  by  Hofmeister's 

"  Lenk,  E.,  Bxochem.  Z.,  1916,  Ixxiii,  15,  58. 
"Fenn,  W.  O.,  Proc.  Nat.  Acad.  Sc.  1916.  ii,  534,  530. 
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method  the  true  characters  of  the  effect  of  neutral  salts  (or  any  true 
effect  of  salts)  upon  the  swelling  of  gelatin. 

The  most  important  result  obtained  with  our  method  is  the 
proof  that  the  influence  of  salts  upon  the  swelling  of  gelatin  is  of 
a  stoichiometrical  character;  i.e.,  we  can  utilize  the  limiting  con- 
centration of  different  neutral  salts  for  the  additional  swelling  of 
sodium  gelatinate  to  ascertain  the  molecular  concentration  of  the 
salt.  Experiments  on  the  action  of  salt  upon  gelatin  treated  previ- 
ously with  acid  or  alkali  harmonize  with  the  results  given  in  this 
paper.  They  will  be  discussed  in  a  following  paper.  The  fact 
that  dried  pig's  bladder  behaves  similarly  to  the  powdered  gelatin 
indicates  the  more  general  character  of  our  results. 

In  the  explanation  of  these  phenomena  the  writer  has  adopted 
the  idea  that  it  is  the  degree  of  ionization  of  gelatin  salts  (of  the 
type  sodium  gelatinate)  which  determines  the  additional  swelling 
observed  when  the  gelatin  is  first  treated  with  a  high  concentra- 
tion of  an  alkali  metal  salt  (m/8  or  m/4)  and  the  salt  has  been 
washed  away.  The  reasons  for  this  assumption  are  given  in  the 
paper  and  need  not  be  repeated  here;  but  we  may  add  that  the 
new  method  and  the  new  stoichiometric  facts  do  not  depend  upon 
this  hypothesis.  If  we  adopt  the  ionization  hypothesis,  which 
seems  supported  by  the  facts  known  at  present  and  contradicted 
by  none,  it  follows,  from  our  observations  that  we  have  at  present 
two  cases  in  which  antagonistic  salt  action  is  clearly  due  to  the 
fact  that  one  electrolyte,  e.g.  NaCl  or  acid,  causes  the  formation 
of  ionized  protein,  while  the  other  electrolyte,  e.g.  CaCU  or  neu- 
tral salts  in  general,  causes  the  transformation  of  ionized  into  non- 
ionized  protein,  or  inhibits  in  some  other  way  the  swelling  effect 
of  ionization  of  the  protein  molecule.  The  observations  on  the 
influence  of  neutral  salts  on  the  diffusion  of  potassium  salts  into 
the  egg  of  Fundulus  may  form  a  third  case. 

SUMMARY. 

1.  A  new  method  has  been  described  which  allows  us  to  study 
the  effect  of  neutral  salts  on  gelatin.  The  essential  part  of  this 
method  consists  in  using  the  protein  in  powdered  form,  applying 
the  salt  in  not  too  low  a  concentration  (m/8  or  m/4),  and  then 
washing  away  the  salt  solution. 
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2.  This  method  has  led  to  the  result  that  the  influence  of  neu- 
tral salts  on  the  swelling  of  gelatin  is  of  a  stoichiometric  order. 
Powdered  gelatin,  when  perfused  by  m/8  or  m/4  solution  of  NaCl, 
shows  an  additional  swelling  when  afterward  perfused  by  a 
weaker  solution  of  a  neutral  salt  with  univalent  metal.  This 
additional  swelling  is  only  possible  as  long  as  the  weaker  solution 
remains  below  a  certain  concentration.  A  comparison  of  this 
critical  concentration  for  neutral  salts  of  univalent  cations  with 
univalent  and  with  bivalent  anions  shows  that  the  limiting  molecu- 
lar concentration  for  the  additional  swelling  is  twice  as  great  if 
the  anion  is  univalent  as  when  it  is  bivalent;  regardless  of  the 
nature  of  the  anion  and  cation.  The  facts  can  be  best  explained 
on  the  assumption  that  the  inhibiting  effect  of  the  salt  upon  the 
additional  swelling  is  due  to  the  diminution  of  the  degree  of  elec- 
trolytic dissociation  of  a  metal-protein  compound.  If  we  make 
this  assumption,  which  is  supported  by  the  facts  known  at  pres- 
ent, our  observations  lead  to  the  following  conclusions. 

3.  Neutral  salts  with  a  univalent  cation  (in  concentrations  of 
m/8  or  m/4)  form  highly  ionizable  salts  with  gelatin. 

4.  It  seems  that  these  gelatin  salts  ionize  imder  formation  of  a 
positively  charged  metal  ion  (that  of  the  salt  used)  and  a  nega- 
tive gelatin  ion  which  may  or  may  not  contain  the  anion  of  the 
salt  in  non-dissociated  bondage. 

5.  The  formation  of  these  gelatin  ions  causes  the  considerable 
additional  swelling  when  the  gelatin  is  first  treated  with  the  salt 
and  then,  after  the  salt  is  washed  away,  is  exposed  to  distilled 
water. 

6.  The  metals  of  the  alkaline  earth  group  form  salts  with  pro- 
teins of  the  type  calcium  gelatinate,  which  are  not  capable  of 
swelling  and  perhaps  little  or  not  at  all  of  ionization.  The 
transformation  of  protein  salts  with  univalent  cation  (type  sodium 
gelatinate)  capable  of  swelling  into  protein  salts  with  bivalent 
cation  (type  calcium  gelatinate)  not  capable  of  swelling  is  the 
cause  of  the  antagonistic  action  of  the  metals  of  the  calciimi  group. 

7.  These  results  contradict  the  conclusions  drawn  from  Hof-, 
meister's  experiments  on  the  swelling  of  gelatin  and  it  is  pointed 
out  that  he  was  misled  by  a  method  not  suited  for  the  purpose. 
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A  STUDY  OF  THE  NON-PROTEIN  NITROGEN  OF 
WHEAT  FLOUR.* 

By  M.  J.  BLISH. 

(From  the  Chemistry  Department  of  the  Montana  Agricultural  Experiment 
Station,  Bozeman,) 

(Received  for  publication,  December  26,  1917.) 

Preliminary  to  a  projected  investigation  concerning  the  more 
important  biochemical  changes  which  occur  when  wheat  is 
frosted,  as  well  as  the  relation  of  these  changes  to  bread-making 
value,  and  particularly  in  order  to  study  the  effect  of  premature 
freezing  on  the  nitrogen  compounds  of  the  wheat  kernel,  it  has 
been  found  desirable  to  develop  a  more  satisfactory  method  for 
the  separation  of  protein  from  non-protein  nitrogen  compounds 
in  wheat  flour  than  an  examination  of  the  literature  has  revealed. 
A  niunber  of  methods  have  been  developed  for  the  separation  of 
protein  from  non-protein  nitrogen  in  almost  all  kinds  of  bio- 
logical products,  and  several  of  these  appear  to  be  satisfactory 
for  their  purposes.  With  cereals,  however,  none  of  these  methods 
seems  to  answer  the  purpose  since  cereals  contain  alcohol-soluble 
proteins,  which  are  not  encountered  in  any  other  plant  or  animal 
tissues. 

Reagents  ordinarily  used  for  precipitating  proteins,  such  as 
alcohol,  acetic  acid,  trichloroacetic  acid,  salts  of  heavy  metals, 
colloidal  iron,  almninum  hydroxide  cream,  phosphotungstic  acid, 
and  tannic  acid,  are  for  various  reasons  unsatisfactory  for  re- 
moving gliadin  from  water  extracts  of  flour. 

Ritthausen,^  40  years  ago,  advocated  the  quantitative  removal 
of  the  proteins  from  milk,  by  alternately  adding  to  the  protein  in 
solution  dilute  copper  sulfate  and  potassium  hydroxide  imtil  the 
proportions  were  such  that  the  copper  precipitate  would  no  longer 
redissolve.     The  insoluble  copper-protein  compounds  were  then 

*  Published  with  the  approval  of  the  Director  of  the  Montana  Agri- 
cultural Experiment  Station. 

1  Ritthausen,  H.,  /.  prakt,  Chem,,  1872,  v,  215. 
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removed  by  filtration.  This  principle  in  modified  forms  has 
since  been  made  use  of  by  different  investigators,  although  the 
accuracy  of  the  sep"kration  of  protein  from  non-protein  nitrogen 
by  this  method  has  always  been  questioned. 

Osborne  and  Leavenworth^  have  recently  reported  a  study  of 
copper-protein  compounds,  using  edestin  and  gUadin  in  their  ex- 
periments, and  have  found  that  if  the  correct  amount  of  copper 
sulfate  is  added  to  a  solution  of  gliadin  in  dilute  sodiiun  hydroxide 
solution,  the  gliadin  and  copper  are  both  practically  completely 
precipitated.  As  they  state,  however,  there  are  several  points 
to  be  definitely  cleare4  up  if  this  procedure  is  to  be  made  a  basis 
for  the  accurate  separation  of  protein  from  non-protein  nitrogen 
compounds  in  extracts  from  biological  material. 

When  the  principle  of  Osborne's  procedure  was  tried  with  flour 
extracts  in  this  laboratory,  it  was  found  that  more  nitrogen  was 
removed  by  this  means  than  by  the  use  of  any  other  of  the  re- 
agents previously  mentioned.  Phosphotungstic  acid  removed 
nearly,  but  not  quite,  as  much  and  tannic  acid  sUghtly  less.  More- 
over, the  copper-protein  precipitate  filtered  readily,  giving  a 
water-clear  solution,  which  could  easily  be  concentrated  under 
reduced  pressure  to  one-twentieth  of  its  original  volume.  That 
there  was  probably  no  copper  in  the  filtrate,  other  than  that  which 
was  in  combination  with  amino-acids  and  peptides,  was  indicated 
by  the  fact  that  no  blue  color  was  perceptible,  nor  were  positive 
tests  with  potassium  ferrocyanide  obtained  until  after  consider- 
able concentration.  The  method  seemed  so  simple  of  manipula- 
tion that  it  was  decided  to  test  the  effectiveness  of  the  separation 
by  ascertaining  whether  or  not  all  protein  was  removed,  as  well 
as  to  test  the  copper-protein  precipitate  for  free  amino  nitrogen 
as  an  indication  of  the  presence  or  absence  of  less  complex  nitrogen 
compounds  in  the  copper-protein  precipitate. 

In  Table  I  are  data  which  indicate  the  total  nitrogen  which  is 
not  precipitated  from  a  water  extract  of  a  standard  patent  flour 
(Ceretana)  by  the  copper  method,  as  compared  with  the  total 
nitrogen  not  removed  from  the  same  extract  by  tannic  acid,  col- 
loidal iron,  and  phosphotungstic  acid,  respectively.  The  figures 
represent  averages  of  several  determinations  by  each  method. 

« Osborne,  T.  B.,  and  Leavenworth,  C.  S.,  /.  Biol.  Chem.,  191&-17, 
xxviii,  109. 
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TABLE  I. 


Method  of  treatmant  using  50  oo.  portionB  of  extract. 


1.  1  cc.  Merck's  5  per  cent  colloidal  iron  ppt.  at  room  tem- 

perature, followed  by  1  cc.  of  concentrated    MgSO* 
solution 

2.  Same  as  No.  1  with  precipitation  at  boiling  temperature. 

3.  Precipitation  with  10  cc.  of  10  per  cent  phospJiotungstic 

acid  after  making  strongly  acid  with  HCl 

4.  Precipitation  with  tannic  acid 

5.  Copper  method *. 


Total  N  not 
precipitated. 


0.00266 
0.0033 

0.0010 
0.0012 
0.0008 


The  details  of  the  copper  method  as  used  on  flour  extracts  in 
this  laboratory  are  presented  in  the  following  experiments. 

Experiment  I, 

Ceretana,  a  standard  patent  flour  milled  by  the  Bozeman 
Milling  Company  of  Bozeman,  Montana,  was  used  in  the  pre- 
liminary work,  which  consisted  of  determining  the  proper  pro- 
portions of  flour  to  water  for  the  extraction,  the  length  of  time 
of  extraction,  and  a  comparison  of  the  copper  method  with  the 
other  methods  mentioned  earUef  in  this  paper  with  respect  to  the 
**  total  non-protein  nitrogen"  determined  by  other  methods. 
Distilled  COj-free  water,  saturated  with  toluene,  was  used  for  all 
extractions.  After  trying  various  proportions  of  flour  to  water, 
20  parts  of  water  to  1  of  flour  was  decided  upon  as  a  convenient 
proportion  to  use  for  extractions.  Extractions  were  carried  on 
for  varying  lengths  of  time,  using  portions  of  20  gm.  of  flour  to 
400  cc.  of  water  in  500  cc.  Erlenmeyer  flasks.  The  flasks  were 
shaken  vigorously  every  15  minutes,  for  periods  of  2,  3,  4,  5,  6, 
and  12  hours,  respectively.  At  the  end  of  each  period  the  ex- 
tract was  fijtered  through  paper,  the  proteins  were  precipitated 
by  treating  50  cc.  of  extract  with  15  cc.  of  0.1  n  NaOH,  followed 
by  16  cc.  of  0.1  N  CUSO4,  and  total  nitrogen  was  determined  in 
the  filtrate  from  the  copper  precipitation.  The  amount  was 
found  to  be  the  same  for  the  2  hour  extraction  as  for  the  12  hour 
period,  and  therefore  a  minimum  extraction  period  of  2  hours 
was  adopted.     Perhaps  the  most  satisfactory  method  for  the 
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determination  of  ^*  toted  non-protein  nitrogen"  in  flour  extracts  by 
the  above  method  is  to  pipette  100  ec.  of  flom-  extract  into  a 
200  cc.  sugar  flask,  add  25  cc.  of  0.1  n  NaOH  followed  by  27 
cc.  of  0.1  N  CUSO4,  shake  vigorously  several  times  until  a  water- 
clear  supernatant  liquid  remains  after  the  precipitate  settles, 
make  to  the  mark,  filter,  and  determine  nitrogen  by  the  Kjeldahl 
method  in  100  or  150  cc.  of  the  filtrate. 

The  effectiveness  of  the  method  was  then  examined  by  study- 
ing the  nature  of  the  nitrogen  compoimds  left  in  the  filtrate  from 
the  copper-protein  precipitation.  In  this  work,  two  flours,  A 
and  B,  were  used.  Flour  A  was  the  Ceretana  patent  flour  men- 
tioned previously,  while  B  was  a  flour  milled  from  some  slightly 
frosted  Karkov  wheat  grown  in  Montana.  1  liter  portions  of 
filtered  flour  extract  were  placed  in  2  liter  flasks,  and  400  cc. 
portions  of  0.1  n  NaOH  were  added,  followed  by  400  cc.  of 
0.1  N  CUSO4.  Then  small  portions  (of  about  10  cc.  each)  of  0.1  n 
CUSO4  were  added,  the  whole  being  well  shaken  and  allowed 
to  settle  after  each  addition,  until  an  absolutely  clear,  colorless 
supernatant  liquid  remained  after  the  precipitate  settled.  It 
appears  to  be  absolutely  necessary  that  the  OJn  alkali  be  kept  in 
paraffin-lined  containers,  or  else  be  made  up  fresh  for  each  occasion, 
as  it  was  found  that  alkali  containing  dissolved  glass  would  neither 
cause  a  sharp  separation  nor  give  a  clear,  colorless  filtrate.  Fi- 
nally, distilled  water  was  added  up  to  the  2  liter  mark,  and  the 
filtration  performed  on  a  large  paper  filter.  The  filtration  pro- 
ceeds rapidly  and  easily  when  the  precipitation  is  made  in  the 
manner  described.  The  filtrate  was  then  slightly  acidified  with 
acetic  acid  and  concentrated  imder  diminished  pressure  to  one- 
twentieth  of  its  volume.  The  concentrated  solutions  were  slightly 
viscous  on  account  of  dissolved  carbohydrate  material,  and  gave 
a  slight  test  for  copper  with  ferrocyanide,  which  they  did  not  give 
before  concentration.  They  also  showed  the  slightest  trace  of 
color  due  to  copper  salts.  These  concentrated  solutions  are  re- 
ferred to  in  the  remainder  of  this  paper  as  Solution  X.  These 
solutions  gave  no  perceptible  biiu*et  reaction  of  any  kind,  but  did 
give  a  very  faint  Millon's  reaction,  and  also  a  slight  Adamkiewicz' 
reaction.  The  latter  two  reactions  are  indicative  of  the  presence 
of  the  amino-acids,  tyrosine  and  tryptophane,  but  do  not  neces- 
sarily show  that  they  are  in  protein  combination.     Solution  X 
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gave  a  slight  color  with  Nessler's  reagent,  indicating  but  a  trace 
of  free  ammonia.  Amino  nitrogen  was  determined  in  Van 
Slyke's  micro-apparatus  using  5  cc.  portions  of  Solution  X.  Amide 
nitrogen  was  determined  by  diluting  50  cc.  of  Solution  X  to  100 
cc,  boiling  for  2  hours  with  2.5  cc.  of  concentrated  sulfuric  acid, 
according  to  the  method  of  Konig,'  and  distilling  with  an  excess 
of  calcium  hydroxide  under  reduced  pressure.  In  order  to  find 
out  approximately  the  nature  of  the  rest  of  the  nitrogen  in  the 
extracts,  25  cc.  portions  of  Solution  X  were  hydrolyzed  with 
strong  hydrochloric  acid  for  about  12  hours,  after  which  am- 
monia and  amino  nitrogen  were  again  determined,  and  the  in- 
crease in  these  constituents  over  the  amounts  as  determined 
before  hydrolysis  was  considered  as  indicative  of  the  nature  and 
complexity  of  any  nitrogen  compounds  still  present  in  peptide  or 
protein  form.  In  Table  II  are  presented  results  of  analyses  of 
flours  A  and  B. 

TABLE  n. 


Constituent  determined. 

Flour  A 
(aound 
patent). 

Flour  B 

Flour  A. 

Flour  B. 

Total  N  of  flour 

p&  cent 

1.89 

16.06 

1.62 

Trace. 

20.00 

6.62 

10.91 

19.34 

8.16 

34.97 

per  cent 

1.79 

15.40 

2.12 

Trace. 

26.12 

7.79 

10.32 

20.22 

7.37 

28.18 

gm. 

0.006 
0.002 

ffm. 

Per  cent  of  total  N  of  flour  extracted 
by  distilled  COi-free  water  in  2i 
hours 

Per  cent  of  total  flour  N  not  precipi- 
tated bv  coDoer 

Free  ammonia  in  Solution  X 

Amide  N  in  total  " non-protein'*  N.... 

Gm.  of  amide  N  in  100  gm.  of  flour 

a-Amino  N  in  total  *' non-protein'*  N.. 

Gm.  of  amino  N  in  100  gm.  of  flour 

Ammonia  N  after  hydrolysis 

0.0095 
0.003 

a-Amino  N  increase  due  to  hydrolysis. 
Humin  N  after  hydrolysis 

Residual  nitrogen  by  difference 

It  will  be  observed  from  Table  II  that  the  actual  quantity  of 
free  amino  nitrogen  in  a  normal  flour  is  exceedingly  small,  being 
about  2  mg.  for  every  100  gm.  of  flour.     There  is  about  three 

•K6nig,  J.,  Chemie  der  menschlichen  Nahrungs-  und  Genussmittel, 
Berlin,  4th  edition,  1910,  iii,  274. 
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times  as  much  nitrogen  in  the  acid  amide  form.  The  figures  for 
amino  nitrogen  vary  widely  ffom  those  obtained  by  Swanson 
and  Tague*  who  determined  amino  nitrogen  in  a  patent  flour 
using  Sorensen's  formol  titration  method  and  report  about  nine 
times  as  much  as  is  found  in  these  experiments.  They  used 
flour  extracts  without  attempting  to  remove  the  proteins.  Van 
Slyke  micro  determinations  were  made  directly  on  some  flour  A 
extract  in  this  laboratory  in  order  to  obtain  a  more  satisfactory 
comparison  with  their  method.  The  presence  of  the  proteins 
made  it  impossible  to  take  an  adequate  concentrated  sample  so 
that  determinations  had  to  be  made  using  5  cc.  of  the  extract, 
corresponding  to  0.25  gm.  of  flour.  This,  according  to  the 
method  used  by  Swanson  and  Tague,  should  give  about  0.1  cc.  of 
nitrogen  gas  which  may  be  easily  measured  in  the  micro-appa- 
ratus. In  no  case,  however,  could  more  than  0.02  cc.  be  ob- 
tained, while  the  average  of  four  determinations  was  about  0.01 
cc,  which  is  too  small  an  amount  to  be  considered  for  the  pur- 
poses of  a  satisfactory  determination,  although  quite  in  accord- 
ance with  the  findings  using  the  Van  Slyke  naethod  on  the  con- 
centrated extract  from  which  the  proteins  had  previously  been 
precipitated  with  copper;  i.e..  Solution  X. 

Table  II  shows  an  increase  in  ammonia  and  amino  nitrogen 
in  Solution  X  after  prolonged  hydrolysis  with  strong  acid.  The 
increase,  however,  is  not  great  enough  to  indicate  the  presence  of 
any  considerable  amount  of  protein.  It  suggests,  however,  that 
there  is  some  nitrogen  in  the  form  of  peptides  which  escapes  pre- 
cipitation by  the  copper  method,  although  it  does  not  preclude  the 
possibility  that  traces  of  protein  may  still  be  present  also.  Hart 
and  Bentley,*  studying  the  non-protein  nitrogen  of  some  feeding- 
stuffs,  found  that  after  treatment  with  Stutzer's  reagent  some 
nitrogen  of  the  nature  of  peptide  Unkings  remained  in  solution. 
The  same  seems  to  be  true  when  Osborne^s  procedure  is  followed, 
although  it  is  probable  that  the  precipitation  of  the  true  proteins 
is  practically  complete  if  the  proper  manipulation  is  followed. 

*  Swanson,  C.  0.,  and  Tague,  E.  L.,  /.  Am.  Chem,  Soc.y  1916.  xxxviii, 
1098. 

» Hart,  E.  B.,  and  Bentley,  W.  H.,  J,  BioL  Chem.,  1915,  xxii.  477. 
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Experiment  II.    . 

In  order  to  obtain  a  more  satisfactory  idea  of  the  nature  of  the 
peptide  Unkings  left  in  solution  after  the  copper  treatment,  a 
portion  of  Solution  X  from  flour  A  was  acidified  and  treated  with 
phosphotungstic  acid.  A  considerable  precipitate  formed  which 
contained  40.91  per  cent  of  the  total  nitrogen  in  the  solution  not- 
withstanding the  fact  that  when  the  original  water  extract  of  flours 
is  treated  with  phosphotungstic  acid  no  more  (and  often  less) 
nitrogen  is  precipitated  than  by  the  copper  method.  However, 
when  Solution  X  was  subjected  to  a  further  treatment  with  cop- 
per, as  in  the  first  removal  of  the  proteins,  no  more  nitrogen  was. 
precipitated.  Furthermore,  when  a  portion  of  Solution  X  was 
mixed  with  about  nine  times  its  volume  of  95  per  cent  alcohol, 
30  per  cent  of  the  total  nitrogen  in  the  solution  was  precipitated, 
along  with  the  dextrins  and  other  carbohydrates  insoluble  in 
alcohol.  These  facts  strongly  suggest  the  presence  of  peptide 
linkings  of  a  less  complex  nature  than  true  protein.  The  phos- 
photimgstic  acid  precipitate  was  filtered  off,  washed  with  a  solu- 
tion of  phosphotungstic  and  hydrochloric  acids,  and  hydrolyzejd 
for  about  12  hoiu*s  with  strong  hydrochloric  acid,  after  whi<jh 
ammonia  and  amino  nitrogen  were  determined.  Amino  nitro- 
gen was  also  determined  in  the  filtrate  from  the  phosphotungstic 
£tcid  precipitation.  Although  the  determinations  were  made  on 
small  amounts  of  material,  they  were  confirmed  by  several 
closely  agreeing  duplicates  and  blanks  on  each  analysis,  the  rpsult 
being  reported  in  Table  III. 

TABLE  ni. 


Cooatituent  determined  in  termi  of  total  N  in  Solution  X. 


N  precipitated  by  alcohol 

N  precipitated  by  further  treatment  with  CuS04  and  NaOH. 

N  precipitated  with  phosphotungstic  acid 

Total  amino  N  in  Solution  X 

Total  amino  N  in  filtrate  from  phosphotungstic  acid  pre- 
cipitation  ". 

Amino  N  from  exposed  amino  groups  of  peptides  (by  dif- 
ference)   

Ammonia  N  after  hydrolysis  of  phosphotungstic  acid  pre- 
cipitate— 

Amino  N  after  hydrolysis 


Flour  A. 


per  cent 

30.00 

None. 

40.91 

6.62 

4^81 

1.81 

5.71 
14.30 
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As  nearly  as  may  be  ascertained  from  determinations  with 
such  small  amounts  of  material  as  are  necessitated  in  the  pre- 
ceding experiments,  the  figures  reported  in  Table  III  show  that 
there  cannot  have  been  much,  if  any,  protein  left  in  solution 
after  the  first  precipitation  by  the  copper  method.  The  amino 
nitrogen  determinations  on  Solution  X  before  and  after  precipi- 
tation with  phosphotungstic  acid  show  that  there  is  1.81  per 
cent  less  amino  nitrogen  after  the  precipitation  than  before. 
This  must  be  due  to  the  exposed  amino  groups  of  the  nitrogenous 
matter  precipitated  by  the  phosphotungstic  acid,  and  although 
the  difference  involved  the  measurement  of  only  0.03  cc.  of 
nitrogen  gas  in  the  micro  determination,  it  was  confirmed  by 
repeated  determinations  which  agreed  practically  as  closely  as 
the  burette  could  be  read.  After  hydrolysis  there  was  about 
eight  times  as  much  amino  nitrogen,  which  clearly  indicates  that 
the  precipitate  consisted  chiefly  of  peptides  of  a  less  complex 
nature  than  protein.  The  amino  nitrogen  in  the  filtrate  from 
the  treatment  of  Solution  X  with  phosphotungstic  acid  which 
amounted  to  4.81  per  cent  probably  originated  from  the  free 
amino-acids  in  the  extract.  There  is  a  much  larger  discrepancy 
between  the  percentage  of  total  nitrogen  precipitated  by  phos- 
photungstic acid  and  the  simi  of  the  percentages  of  anunonia  and 
amino  nitrogen  after  hydrolysis  than  may  reasonably  be  ac- 
counted for  by  the  non-amino  nitrogen  of  the  peptide  compounds. 
This  seems  to  indicate  that  there  are  other  basic  nitrogen  com- 
pounds in  flour  extracts,  whose  nature  is  as  yet  largely  imknown. 
A  murexide  test  for  purines  resulted  negatively. 

An  attempt  was  made  to  ascertain  whether  or  not  the  copper 
method  removes  along  with  the  proteins  any  appreciable  amounts 
of  amino-acids  or  peptide-like  compoimds  of  a  nature  less  com- 
plex than  that  of  the  proteins  by  redissolving  some  of  the  cop- 
per-protein precipitate  in  glacial  acetic  acid  and  testing  the  solu- 
tion for  free  amino  groups  since  the  presence  of  considerable 
<5opper  does  not  interfere  with  the  reaction  between  the  amino 
groups  of  amino-acids  and  nitrous  acid.  Accordingly  a  solution 
of  the  copper  precipitate  containing  4  mg.  of  nitrogen  was  intro- 
duced into  the  Van  Slyke  micro-apparatus,  but  there  was  no 
evidence  to  show  that  any  such  compounds  were  present  in  the 
precipitate.     Therefore,  it  is  not  believed  that  any  serious  error 
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from  this  source  is  introduced  in  the  case  of  flour  extracts,  not- 
withstanding the  fact  that  under  certain  conditions  copper  is 
knoWn  to  be  capable  of  forming  insoluble  compounds  with  a 
few  amino-acids,  though  not  with  the  majority  of  them. 

When  water  extracts  of  flour  were  allowed  to  stand  for  several 
weeks  at  room  temperature  in  the  presence  of  toluene,  and  ana- 
lyzed at  intervals  for  non-protein  nitrogen  by  the  copper  method, 
a  gradual  increase  in  non-protein  nitrogen  by  autolysis  occurred 
although  there  was  no  .  sign  of  putref axjtion.  The  amount  of 
total  non-protein  nitrogen  doubled  during  the  period  from  May 
25  to  July  6,  1917.  This  indicates  that  the  method  is  appli- 
cable to  proteolysis  studies  in  flour.* 

SUMMARY. 

1.  Practically  a  complete  separation  of  protein  from  non- 
protein nitrogenous  substances  in  water  extracts  of  wheat  flour 
may  be  accompUshed  by  treating  the  extract  with  0.1  n  NaOH 
followed  by  0.1  n  CUSO4  imtil  there  is  but  sUghtly  more  CUSO4 
than  an  exactly  equivalent  amount  of  NaOH.  The  method  is 
simple  of  manipulation  and  leaves  no  troublesome  excess  of  the 
reagents  employed  for  the  precipitation.  The  method  permits 
of  rapid  filtration  through  ordinary  filter  paper,  giving  a  water- 
clear  solution  which  may  be  readily  concentrated  to  one-twen- 
tieth its  original  volume,  for  determinations  of  amino  nitrogen  by 
Van  Slyke's  micro  method,  and  for  amide  nitrogen  determinations. 
Some  peptide  nitrogen  is  not  precipitated  by  the  copper  method, 
but  the  removal  of  the  true  proteins  is  practically  complete. 

2.  Normal  patent  flour  contains  but  about  2  mg.  of  amino-acid 
nitrogen  for  every  100  gm.  of  flour,  and  about  three  times  as 
much  nitrogen  in  free  acid  amide  form. 

3.  There  is  probably  a  considerable  amount  of  nonrprotein  ni- 
trogen not  precipitated  by  the  copper  method  which  is  neither 
amino-acid  nitrogen  nor  is  it  in  the  form  of  peptide  complexes; 
its  nature  is  not  kpown. 

4.  The  method  is  applicable  to  studies  of  proteolysis  or  other 
studies  involving  the  estimation  of  protein  cleavage  products  in 
wheat  flour. 

5.  It  is  not  unUkely  that  the  method  will  be  found  applicable 
to  biological  extracts  from  other  sources  than  wheat  and  flour. 

"  Acknowledgment  is  made  to  Miss  Erma  Lessel,  who  performed  a  large 
patt  of  the  preliminary  analytical  work. 
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THE  r6lE  of  some  INORGANIC  ELEMENTS  IN  NUTRITION. 
By  LAFAYETTE  B.  MENDEL  and  THOMAS  B.  OSBORNE. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry  in  Yale 

University,  New  Haven.) 

The  relative  importance  of  the  individual  inorganic  salts  was 
long  ago  determined  for  plants,  but  hitherto  no  such  definite 
knowledge  of  the  requirements  of  animals  has  been  possible  owing 
to  the  failure  of  animals  to  thrive  on  a  diet  of  purified  foodstuffs. 
Now  that  the  essential  factors  of  a  successful  dietary  have  been 
ascertained  it  has  become  possible  to  prepare  ration^  in  which 
the  individual  ions  are  excluded  except  for  the  unavoidable  small 
amounts  present  in  the  products  used  to  supply  the  water-soluble 
vitamine  or  found  as  impurities  in  the  other  ingredients  of  the 
food. 

From  experiments  with  such  diets  it  has  been  demonstrated 
that  calcium  and  phosphorus  are  needed  in  considerable  amounts; 
for  with  only  a  trace  of  either  of  these  elements  in  the  food,  rats 
failed  to  grow  and  sooner  or  later  declined.  On  diets  in  which 
only  supposedly  insignificant  quantities  of  magnesium,  sodium, 
potassium,  or  chlorine  were  present  growth  at  a  normal  or  nearly 
normal  rate  was  made  for  about  1  year.  Where  both  sodium  and 
potassium  were  present  in  the  above  small  amounts  no  growth 
occurred. 

THE  NUTRITIVE  PROPERTIES  OF  KAFIR. 
By  ALBERT  jG.  HOGAN. 

{From  the  Department  of  Chemistry,  Kansas  Agricultural  Experiment 
Station,  Manhattan.) 

Our  investigations  of  the  nutritive  properties  of  kafir  were  in- 
terrupted, and  as  some  time  may  elapse  before  this  study  can  be 
resumed  we  deem  it  advisable  to  take  this  opportunity  of  mak- 
ing a  preliminary  report.    Although  we  have  a  high  degree  of 


Digitized  by 


Google 


iv  Scientific  Proceedings 

confidence  in  the  correctness  of  our  conclusions,  these  observa- 
tions are  not  to  be  considered  as  necessarily  final. 

When  kafir  forms  the  sole  diet  of  white  rats,  it  has  about  the 
same  nutritional  value  as  com.  Kafir  is  seriously  deficient  in 
calciiun,  but  when  this  element  (Ca  lactate)  is  supplied,  the  ani- 
mals grow  and  attain  maturity,  though  the  growth  period  is  con- 
siderably prolonged.  Growth  on  kafir  and  ash  mixture  is  ap- 
parently more  rapid  than  on  corn  and  ash  mixture. 

Females  receiving  kafir  and  a  salt  mixture  became  pregnant 
and  delivered  young,  but  in  no  case  did  these  litters  survive  more 
than  a  few  days. 

The  proteins  of  kafir  seemed  to  have  a  biological  value  equal 
to  that  of  com  in  inducing  growth. 

Kafir  is  probably  deficient  in  one  of  the  accessory  substances. 
A  comparison  of  the  data  obtained  by  feeding  kafir  and  by  feed- 
ing com  indicates  that  the  fat-soluble  A,  as  described  byMcCoUum, 
is  a  limiting  factor  in  kafir. 

Our  investigations  on  the  nutritive  properties  of  kafirin  were 
brought  more  nearly  to  completion  and  the  data  has  been  pub- 
lished in  detail.*  Kafirin,  when  it  forms  the  sole  source  of  pro- 
tein in  the  diet,  is  apparently  inadequate  for  growth  or  for  the 
maintenance  of  young  animals  (rats).  Lysine  is  the  first  limit- 
ing factor  of  kafirin,  and  cystine  is  the  second.  The  results  in- 
dicate that  lysine  is  indispensable  not  only  for  growth,  but  also 
for  the  maintenance  of  young  animals. 

THE  RELATION  BETWEEN  PHOSPHORUS  METABOLISM  AND  THE 
SECRETION  OF  MILK  FAT. 

By  EDWARD  B.  MEIGS  and  N.  R.  BLATHERWICK. 

{From  the  Bureau  of  Animal  Industry ^   United  States  Department  of 
Agriculture,  Washington.) 

Blood  samples  have  been  obtained  nearly  simultaneously  from 
the  jugular  and  mammary  veins  of  milking  cows,  and  the  plasma 
from  such  samples  has  been  analyzed  for  total,  lipoid,  and  inor- 
ganic phosphorus,  the  object  being  to  determine  whether  the 
concentrations  of  these  kinds  of  phosphorus  were  appreciably 

1  Hogan,  A.  G.,  /.  Biol.  Chem.,  1918,  xxxiii,  151. 
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changed  during  the  passage  of  the  blood  through  the  active 
gland. 

In  the  earlier  experiments  the  cow  was  disturbed  by  precautions 
which  were  afterward  found  to  be  unnecessary,  and  the  results 
of  the  experiments  differed  according  as  the  subjects  were  much  or 
Uttle  disturbed  before  and  during  the  collection  of  the  mammary 
blood.  When  they  were  much  disturbed,  the  mammary  plasma 
had  the  same  concentration  of  lipoid  phosphorus  as  the  jugular, 
but  a  higher  concentration  of  inorganic  phosphorus,  and  a  corre- 
spondingly higher  concentration  of  total  phosphorus.  When  they 
were  httle  disturbed,  the  mammary  plasma  had  a  lower  concen- 
tration of  lipoid  phosphorus  and  a  higher  concentration  of  inor- 
ganic phosphorus  than  the  jugular. 

These  results  are  taken  to  mean  that  the  precursor  in  plasma 
of  both  milk  fat  and  milk  phosphorus  is  either  lecithin  or  some 
related  compound.  The  ratio  phosphorus:  fat  in  lecithin  is 
about  1: 18,  whereas  it  is  a  out  1:  50  in  milk.  If,  therefore,  the 
mammary  gland  takes  from  the  plasma  enough  lecithin  or  enough 
of  some  related  phosphatide  body  to  supply  its  milk  with  fat, 
it  gets  with  it  more  phosphorus  than  can  be  used  for  the  milk, 
and  the  excess  must  be  returned  to  the  blood.  These  considera- 
tions are  taken  to  explain  the  back-flow  of  inorganic  phosphorus 
from  the  manamary  gland  to  the  blood,  which  occurred  in  all  the 
experiments.  The  experiments  indicate  further  that  the  dis- 
turbance of  milking  animals  interferes  with  the  taking  up  of 
phosphatide  by  the  manmiary  gland,  but  not  with  the  back- 
flow  of  inorganic  phosphate  from  the  gland  to  the  blood. 

THE  EFFECT  OF  COTTONSEED  FLOUR  ON  ANIMALS,  WITH  PAR- 
TICULAR REFERENCE  TO  THE  INORGANIC  CONSTITUENTS 
OF  WHITE  RATS. 

By  F.  C.  cook. 

(From  the  Bureau  of  Chemistry ^  United  States  Department  of  Agriculture, 

Washington.) 

Six  separate  groups  of  animals,  each  group  consisting  of 
twenty-four  rats,  twelve  mice,  and  six  guinea  pigs,  were  fed  for 
periods  up  to  6  months  on  (1)  25  per  cent  cottonseed  flour  bread, 
(2)  25  per  cent  cottonseed  flour  dough,  (3)  40  per  cent  cottonseed 
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flour  bread,  (4)  white  flour  bread,  (5)  entire  wheat  bread,  and  (6) 
mixed  diet. 

The  exclusive  bread  diets  did  not  support  life,  although  no 
pathological  lesions  were  found  to  be  characteristic  of  any  of  the 
diets.  25  per  cent  cottonseed  flour  dough  supported  life  longer 
than  25  per  cent  cottonseed  flour  bread.  The  animals  fed  en- 
tire wheat  bread  and  white  bread  lived  no  longer  than  the  ani- 
mals fed  the  cottonseed  flour  breads. 

Less  nitrogen  was  required  to  maintain  rats  and  mice  at  con- 
stant weight  when  white  bread  was  fed  than  when  entire  wheat 
bread  was  fed.  The  largest  amount  of  nitrogen  required  to  main- 
tain constant  weight  was  in  the  case  of  the  animals  fed  40  per  cent 
cottonseed  flour  bread.  These  findings  are  in  line  with  the  re- 
sults reported  in  the  literature  for  larger  animals. 

After  6  months,  when  the  experiment  closed,  the  bodies  of 
twenty-four  rats,  four  from  each  of  the  six  groups,  were  separately 
analyzed  for  inorganic  constituents. 

The  40  per  cent  cottonseed  flour  bread  was  highest  in  total 
ash,  PjOs,  CaO,  and  MgO  of  any  of  the  breads  fed.  The  ash 
constituents  were  apparently  not  properly  balanced  as  the  bodies 
of  the  rats  fed  on  this  bread  were  low  in  total  ash  and  especially 
in  p206-free  ash.  The  ratio  of  MgO  to  CaO  was  1 :  15  for  the 
bodies  of  the  rats  fed  on  40  per  cent  cottonseed  flour  bread  and 
1 :  25  for  the  controls. 

The  exclusive  feeding  of  cottonseed  flour  bread  apparently 
caused  changes  in  the  ash  constituents  of  the  tissues  of  the  rats 
analyzed.  These  changes  appeared  in  the  results  for  the  rats 
fed  25  per  cent  cottonseed  flour  bread  and  dough  and  were 
marked  in  the  cases  of  the  rats  fed  40  per  cent  cottonseed  flour  bread. 

BORON.    ITS  EFFECT  ON  CROPS  AND  ITS    DISTRIBUTION    IN 

PLANTS  AND  SOILS  IN  VARIOUS  PARTS  OF  THE 

UNITED  STATES. 

By  F.  C.  cook  and  J.  B.  WILSON. 

(From  the  Bureau  of  Chemistry^  United  SlcUea  Department  of  Agricvltwre, 

Washington,) 

Borax  and  colemanite  (calcium  borate)  were  foimd  to  be  eflfec- 
tive  larvicides  for  the  house-fly.^    To  determine  the  effect  of  the 

*  Cook,  F.  C,  Hutchison,  R.  H.,  and  Scales,  F.  M.,  U.  S,  Dept.  Agric, 
Bull.  118,  1914. 
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boron,  added  to  manure  for  this  purpose,  on  plant  growth  a  study 
was  made  extending  over  3  years  in  which  crops  were  grown  in 
different  parts  of  the  country  on  soil  fertilized  with  manure 
containing  definite  amounts  of  added  borax  and  of  added  coleman- 
ite.  In  order  to  test  the  cumulative  effect  of  the  boron  the  same 
plants  were  treated  with  manure  and  boron  for  three  seasons. 
Wheat,  rye,  oats,  beets,  tomatoes,  cowpeas,  lettuce,  soy  beans, 
string  beans,  potatoes,  spinach,  kale,  cabbage,  turnips,  com,  and 
peach  trees  were  included  in  the  experiments. 

Practically  the  same  amount  of  boron  was  absorbed  by  the 
plants  whether  it  was  added  to  the  soil  as  soluble  borax  or  as 
insoluble  colemanite.  Wheat,  oats,  and  rye  absorbed  Uttle 
boron,  while  leguminous  and  succulent  plants  absorbed  com- 
paratively large  amounts.  There  was  a  marked  difference  in 
the  distribution  of  the  boron  in  the  roots,  tops,  and  fruit  of  the 
different  plants.  Leguminous  plants  were  very  sensitive  to  the 
boron.  At  Bethesda,  Maryland,  0.0044  per  cent  HsBOj  added 
as  borax  and  0.0058  per  cent  added  as  colemanite  to  the  upper  6 
inches  of  soil  caused  no  injury  to  lettuce,  spinach,  and  kale,  while 
at  Arlington,  Virginia  (5  miles  distant),  the  same  amoimts  of 
boron  gave  a  reduced  yield  of  these  crops.  A  similar  difference 
in  the  effect  of  a  definite  amount  of  boron  on  other  plants  when 
grown  on  different  soils  is  indicated.  There  is  a  decided  differ- 
ence in  soils  in  rendering  the  added  boron  non-toxic,  although  all 
soils  tested  gradually  rendered  the  soluble  boron  insoluble  and 
non-toxic.  In  many  soils  there  is  a  tendency  for  plants  to  ab- 
sorb boron  in  proportion  to  the  amounts  added  to  the  soil  while 
in  other  soils  the  same  amounts  of  boron  were  absorbed  irrespec- 
tive of  the  amounts  added.  The  absorption  and  the  toxic  effect 
of  boron  on  plants  varies  with  the  variety  of  plants,  the  solu- 
bility of  the  boron  compound,  the  amount  of  the  boron  compound 
added  to  the  soil,  the  time  elapsing  after  the  compound  is  mixed 
with  the  soil  before  planting,  the  amount  of  rainfall,  etc.,  and 
finally  with  the  character  of  the  soil  to  which  the  boron  compound 
is  added. 
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TH£  INFLUENCE  OF  DIET  ON  THE  URINARY  CALCIUM  AND 
MAGNESIUM  EXCRETION  OF  MAN. 

By  MAURICE  H.  GIVENS. 

(From  the  Sheffield  Labor <Uory  of  Physiological  Chemistry,  Yale  University, 

New  Haven,) 

Nelson  and  Burns'  found  that  eight  out  of  twenty-five  persons, 
on  random  diets,  excreted  more  magnesium  than  calciimi  in  the 
urine.  If  one  accepts  the  generally  quoted  statement  that  cal- 
cium and  magnesium  excretion  is  dependent  upon  the  quality 
and  quantity  of  nourishment  ingested,  their  findings  ought  to  be 
corroborated  with  subjects  on  diets  having  a  content  of  mag- 
nesium greater  than  that  of  calcium.  Accordingly  nine  healthy 
individuals  consumed  foods  estimated  to  contain  more  mag- 
nesium than  calcium  for  periods  of  6  to  9  days.  In  only  three 
cases  was  the  urinary  magnesium  excretion  greater  than  that 
of  calcium  and  in  no  one  of  them  was  the  excess  of  magnesium 
over  calcium  greater  than  30  mg.  per  day.  In  two  of  these  three 
individuals  the  urinary  calcium  output  became  greater  than  the 
magnesium  by  the  addition  to  the  daily  intake  of  two  glasses  of 
milk;  in  the  third  case  a  similar  result  was  obtained  with  a  small 
dose  of  calcium  lactate.  When  milk  was  added  to  the  regime 
the  calcium  excretion  was  increased  at  once  with  a  slight  rise 
in  the  magnesium. 


ACIDOSIS  IN  RELATION  TO  PANCREATIC  DIABETES. 

By  V.  W.  JENSEN. 

{From  the  Northwestern  University  Medical  School,  Chicago.) 

Elias*  states  that  the  introduction  of  acids  into  rabbits  and 
dogs  leads  to  hyperglycemia  and  glycosuria.  Watanabe*  in  a  re- 
cent article  had  occasion  to  test  this  out  on  rabbits  and  concludes 
that  the  results  are  not  at  all  uniform,  and  he  found  that  the 
amount  of  sugar  in  the  blood  was  not  perceptibly  increased.  He 
did  not  test  the  urine,  but  there  was  no  reason  to  believe  that 

*  Nelson,  C.  F.,  and  Burns.  W.  E.,  J.  Biol.  Chem.,  1916-17,  xxviii,  237 

*  Ellas,  H.,  Biochem.  Z.,  1913,  xlviii,  120. 

*  Watanabe.  C.  K..  Am.  J.  PhysioL.  1917.  xlv,  30. 


Digitized  by 


Google 


Society  of  Biological  Chemists  ix 

there  would  have  been  any  glycosuria,  because  of  the  low  amount 
of  sugar  in  the  blood. 

The  present  investigation  was  commenced  without  knowledge 
of  this  latter  work  and  with  the  idea  of  deciding  whether  or  not 
acid  is  a  cause  of  glycosuria  or  a  result  of  a  diabetic  condition. 
A  great  criticism  of  Elias'  work  is  that  the  acid  he  used  was  too 
strong,  0.25  N  HCl.  It  is  quite  possible  that  his  results  will 
hold  good,  but  they  are  open  to  the  objection  that  it  might  have 
been  an  indirect  action  on*  the  pancreas,  or  a  corrosive  action  on 
the  duodenum. 

In  the  present  work,  I  used  0.1  n  HCl,  600  cc.  given  in  200  cc. 
doses  three  times  a  day.  This  acid  is  close  to  the  strength  nor- 
mally found  in  the  dog's  stomach.  This  was  tried  on  two  dogs. 
One  dog  was  rendered  glycosuric  by  removing  seven-eighths  of  the 
pancreas,  and  the  other  highly  sensitized  by  removing  six- 
sevenths  of  the  pancreas.  The  sensitized  dog  in  no  case  gave 
glycosuria  by  addition  of  acid,  although  he  could  have  been 
rendered  highly  glycosuric  on  carbohydrate  diet,  but  was  free 
from  it  on  a  meat  diet.  The  glycosuric  dog  ran  on  the  average  7 
gm.  of  sugar  a  day  on  meat  diet.  During  the  acid  period  this 
amount  was  doubled.  When  an  equal  amount  of  sodium  car- 
bonate was  given,  the  sugar  amount  dropped  to  0.25  gm.  per  day. 

While  these  experiments  are  too  few  in  number  to  give  any 
definite  conclusions,  it  would  seem  at  the  present  time  that  acido- 
sis is  a  result  of  a  glycosuric  condition  and  that  after  it  has  de- 
veloped it  acts  as  a  vicious  circle  and  increases  the  condition. 
This  statement  is  supported  by  the  fact  that  when  a  non-glyco- 
suric  sensitized  dog  is  fed  a  carbohydrate  diet,  he  eliminates  25 
gm.  of  sugar  per  day,  and  the  acid  in  urine  is  doubled,  and  am- 
monia excretion  is  greatly  increased. 

THE  ACTION  OF  AMMONIUM  COMPOUNDS  ON  PTYALIN. 
By  ELBERT  W.  ROCKWOOD. 

(From  the  Department  of  Chemistry,  University  of  Iowa,  Iowa  City.) 

Digestion  was  carried  on  in  a  medium  neutral  to  litmus.  Both 
salts  of  inorganic  and  organic  acids  were  tested.  The  ammonium 
salts  of  the  inorganic  acids  increased  the  activity  of  the  ptyalin 
as  did  also  those  of  the  stronger  organic  acids.    In  general  the 
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ammonium  salts  of  the  strong  acids  had  a  greater  activating 
effect  than  thpse  of  the  weak  acids.  To  this  oxalic  acid  is  an 
exception,  having  little  or  no  effect. 

LIPEMU. 

Bt  W.  R.  BLOOR. 

{From  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Boston.) 

A  study  was  made  of  the  blood  lipoids  in  a  case  of  severe  dia- 
betic lipemia  where  the  blood  lipoids  reached  a  very  high  value 
(over  13  per  cent).  Analyses  were  made  of  blood  samples  of 
which  the  first  was  taken  36  hours  after  the  last  meal  and  the 
others  at  intervals  for  about  30  days.  In  the  first  20  dajrs  of  this 
period  no  fat  was  eaten  and  the  total  food  intake  did  not  exceed 
350  calories  per  day.  In  the  beginning  there  was  marked  "dia- 
betic anemia,"  the  blood  corpuscle  percentage  in  the  first  sample 
being  29  per  cent  while  the  normal  for  this  individual  was  about 
42  per  cent.  During  the  first  5  days  there  waa  considerable 
acidosis — low  CO2  tension  in  the  alveolar  air,  high  urinary  wn- 
monia,  and  considerable  quantities  of  acetone  bodies  in  the  urine — 
and  during  this  period  there  was  very  little  absorption  of  lipoids 
from  the  blood;  in  fact,  as  a  result  of  the  disappearance  of  the 
"anemia"  and  the  accompanying  concentration  of  the  plasma 
the  lipoid  values  became  higher  than  at  the  beginning.  The 
acidosis  disappeared  during  the  next  5  day  period  and  with  its 
disappearance  there  was  a  rapid  lowering  of  the  blood  lipoids — 
about  50  per  cent  of  the  total  lipoids  in  the  5  days.  Of  the  lipoids, 
the  fat  decreased  most  rapidly,  the  lecithin  next,  and  the  choles- 
terol least.  The  rate  of  disappearance  of  the  cholesterol  was 
fairly  uniform  throughout,  not  being  much  affected  by  the  pres- 
ence or  absence  of  acidosis.  Changes  in  the  fat  and  lecithin  con- 
tent of  the  blood  corpuscles  were  marked  throughout,  while  the 
cholesterol  content  remained  quite  constant,  bearing  out  the  earlier 
findings  that  the  blood  corpuscles  take  an  active  part  in  the 
metabolism  of  fat  and  lecithin  but  not  of  cholesterol.  During 
the  remainder  of  the  period  of  examination  the  blood  lipoids  con- 
tinued to  decrease  slowly.  The  addition  of  50  to  60  gm.  of  fat 
to  the  daily  diet  and  the  increase  of  the  diet  to  over  1,000  calories 
produced  only  a  slight  lessening  of  the  rate  of  decrease. 
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FURTHBR  STUDIES  IN  AUTOLYSIS. 

By  H.  C.  BRADLEY.    . 

{From  the  Laboratory  of  PhysiologicalChemistry,  University  of  Wisconsinf 

Madison,) 

I,  Brain. — The  autolysis  of  nervous  tissue  is  accelerated  by 
acids  and  inhibited  by  alkali  just  as  are  other  gland  tissues. 
While  the  amount  of  protein  present  in  nervous  tissue  is  very 
small,  the  rapidity  of  its  autolysis  is  about  equal  to  that  of 
liver  or  kidney.  Because  of  the  exceedingly  deUcate  protein 
framework  of  the  nerve  cell,  its  destruction  through  the  auto- 
lytic  mechanism  may  quickly  proceed  to  an  irreparable  extent, 
while  other  organs  with  their  large  protein  content  may  undergo 
large  atrophic  changes  without  irreparable  damage. 

//.  Musde, — Of  the  three  types  of  muscle  tissue,  striated  auto- 
lyzes  most  slowly  and  to  the  smallest  extent.  Cardiac  and  smooth 
muscle  autolyze  from  50  to  100  per  cent  faster.  All  three  are 
found  to  be  accelerated  by  acidity  and  inhibited  by  alkalinity, 
but  to  a  much  less  striking  extent  than  the  gland  tissues  pre- 
viously studied. 

IIL  Colloids. — The  work  of  Ascoli  and  Izar  on  the  accelerating 
action  of  inorganic  hydrosols  on  autolyzing  liver  was  repeated, 
but  not  confirmed.  Sols  of  silver,  gold,  and  platinum,  prepared 
by  the  Rredig  method,  were  found  to  be  wholly  inert,  neither  ac- 
celerating nor  inhibiting  autolysis.  Colloidal  Fe(0H)3,  AS2S3, 
and  Sb2Ss  when  dialyzed  free  from  electrolytes  were  found  equally 
inert  when  added  to  autolyzing  liver  pulp.  The  disagreement 
between  these  results  and  those  of  the  above  mentioned  authors 
is  so  complete  that  further  experiments  are  under  way. 

THE  INFLUENCE  OF  MECHANICAL  WORK  UPON  PROTEIN  ME- 
TABOLISM DURING  THE  HEIGHT  OF  MEAT  DIGESTION 
IN  THE  DOG. 

Br  H.  V.  ATKINSON. 

{From  the  Physiological  Laboratory^  Cornell  University  Medical  College, 

New  York  City.) 

A  dog  was  given  600  gm.  of  meat  daily  in  one  portion,  and 
the  nitrogen  eliminated  in  the  urine  during  the  4th,  5th,  and 
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6th  hours  was  determined.  The  dog  was  then  caused  to  run  on  a 
treadmill  during  the  5th  hour  and  it  was  found  that  the  quantity 
of  nitrogen  in  the  urine  was  the  same  as  during  rest.  Therefore, 
mechanical  work  has  no  influence  on  the  rate  of  absorption  per 
hour  or  the  intensity  of  protein  metabolism  per  hour  in  a  dog 
which  has  been  given  meat  in  large  quantity. 

METABOLIC  STUDY  OF  a-UREIDOISOBUTYLACETIC  ACID. 

By  ALICE  ROHDE. 

{From  the  Hooper  Foundation^  San  Francisco,) 

The  procedure  described  for  the  identification  of  a-ureido- 
/S-phenylpropionic  acid  in  the  presence  of  amino-acids  and  of 
Area  is  found  to  be  applicable  to  the  identification  of  a-ureido- 
isobutylacetic  acid  under  similar  conditions.  This  uramino-acid 
was  recovered  in  considerable  quantity  from  the  urine  of  a  cat 
after  slow,  continuous  injection  of  a  saline  solution  of  the  material 
into  the  blood  stream  of  the  animal. 

CHANGES  IN  THE  COMPOSITION  OF  MUSCLE  OF  SALMON 
DURING  MIGRATION. 

By  CARL  H.  GREENE. 

(From  the  She  field  Laboratory  of  Physiological  Chemistry,  Yale  University, 

New  Haven.) 

The  muscles  of  the  salmon  during  the  fast  of  the  spawning 
migration  show  a  great  decrease  in  the  amount  of  fat  and  protein 
present,  with  a  corresponding  increase  in  the  water  content. 
During  the  first  part  of  the  migration  the  fat  shows  the  greatest 
decrease  but  with  the  beginning  of  the  disappearance  of  the  fat 
the  protein  catabolism  becomes  marked.  On  the  spawning 
grounds  the  fish  show  great  exhaustion  of  all  food  reserves  in 
comparison  to  the  initial  condition. 

The  organic  extractives  as  a  whole  and  the  extractive  nitrogen 
in  particular  show  a  general  tendency  to  increase  during  the 
migration  fast.  There  is  no  apparent  relationship  in  the  behavior 
of  the  organic  and  inorganic  extractives. 

The  amino  nitrogen  in  the  fat-free  tissue  increases  from  61  to 
84  mg.  per  100  gm.    This  increase  is  most  marked  calculated  on 
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the  basis  of  the  relation  between  the  amino  nitrogen  and  the  pro- 
tein from  which  it  must  be  formed.  Proportionately,  the  in- 
crease is  nearly  100  per  cent.  During  the  migration  the  amino- 
acids  are  liberated  at  the  expense  of  an  ever  increasing  wastage 
of  the  muscle  proteins. 

The  most  significant  change  lies  in  the  relation  of  the  amino- 
acids  to  the  water  in  the  muscle.  At  the  beginning  the  amino 
nitrogen  value  calculated  per  100  cc.  of  water  increases  from  80 
to  100  mg.  Its  concentration  then  remains  unaflFected  by  subse- 
quent changes.  With  the  stimulated  protein  catabolism  the 
muscles,  or  more  particularly  the  fluid  in  the  muscles,  become 
saturated  with  amino  nitrogen  early  in  the  migration  period. 
This  saturation  continues  through  the  migration  regardless  of  the 
great  loss  of  muscle  protein,  until  in  the  end  the  exhaustion  of  the 
organism  proceeds  to  a  degree  culminating  in  death. 

The  determining  factor  in  the  behavior  of  the  amino-acids 
would  seem  to  be  the  volume  of  water  present  in  the  muscles  and 
not  the  protein.  This  previously  undescribed  water  volume 
effect  is  a  strong  regulating  factor  and  must  be  added  to  those 
suggested  by  Van  Slyke  as  probably  controlling  the  amino-acid 
content  of  the  muscles. 

THE  COMPOSITION  OF  THE  OVARIES  OF  THE  SALMON  DURING 

MIGRATION. 

By  C.  W.  GREENE. 

{From  the  Department  of  Physiology ^  University  of  Missouri y  Columbia.) 

Chemical  analyses  were  made  of  the  ovaries  of  fifteen  indi- 
vidual salmon  of  the  species  Oncorhynchus  tschawytscha  chosen 
from  five  stations  of  the  Columbia  River  basin  during  the  mi- 
gration to  the  spawning  grounds..  The  analytical  results,  with 
the  exception  of  the  fat,  were  computed  in  terms  of  the  fat-free 
sample,  and  yield  the  following  comparisons.  The  neutral  fat 
in  the  wet  sample  of  ovarian  tissue  averages  14.15  per  cent  at  the 
mouth  of  the  river,  17.38  per  cent  about  210  miles  up  the  river, 
and  drops  to  10.38  per  cent  at  the  spawning  grounds.  This  fat 
is  a  superload  in  the  ovules  and  cannot  be  considered  a  part  of 
the  ovarian  protoplasm.  Leaving  the  fat  out  of  consideration 
and  calculating  on  a  fat-free  or  protoplasmic   basis,  the  total 
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proteins  average  29.8  to  31.2  on  the  lower  river,  31.3  in  the  upper 
river,  and  29.4  at  the  spawning  grounds,  a  remarkably  constant 
composition.  The  Upoids  decrease  froip  an  average  of  4.8  at  the 
mouth  of  the  river  to  3.3  at  the  upper  river,  and  2.85  on  the 
spawning  grounds,  showing  that  the  percentage  of  lipoids  di- 
minishes with  development,  at  least  in  this  fasting  fish.  The  or- 
ganic extractives  slightly  increase  during  the  early  stages  of 
migration  but  decrease  during  late  migration  and  at  spawning. 
The  inorganic  salts  increase  with  the  migration.  Simnnarizing, 
it  is  apparent  that  the  reserve  fat  of  the  ovaries  decreased  with 
the  migration  as  does  also  the  percentage  amount  of  lipoids  pres- 
ent. The  organic  extractives  vary  in  harmony  with  similar 
changes  in  other  tissues  of  the  body  though  less  in  amount.  The 
protein  content  of  this  growing  reproductive  tissue  rraiains  re- 
markably constant.  In  view  of  the  great  increase  in  mass  of  the 
ovaries  during  the  migration  and  fast,  from  600  to  1,000  per  cent 
increase,  we  must  look  to  other  tissues  for  the  food  supply  used 
in  the  growth  of  the  ovaries.  Analyses  already  presented  show 
that  the  muscles  of  the  salmon  contribute  this  material.  The 
muscles  decrease  in  absolute  weight  and  also  in  percentage  of  pro- 
tein and  in  fat  during  the  migration.  The  most  vital  constituent 
is  the  protein.  The  muscle  proteins  are  diminished  by  30  per 
cent  during  the  migration  without  affecting  the  physiological  or 
histological  characteristics  of  the  tissue.  So  it  is  obvious  tiiat 
this  great  excess  of  protein  must  exist  in  the  muscle  in  the  form  of 
stored  protein.  There  is  a  protein  storage  in  the  salmon  com- 
parable to  the  similar  storage  of  fats.  This  stored  protein  is 
available  during  the  migration  for  the  synthesis  of  new  protein 
tissue  in  the  developing  ovaries. 

THE  PREPARATION  OF  YEAST  NUCLEIC  ACID. 

By  EMIL  J.  BAUMANN. 

(From  the  Sheffield  Laboratory  of  Physiological  Chemistry  in  Yale  Untper- 

sityy  New  Haven ^  and  the  Biochemical  Department,  University 

of  Toronto.) 

A  new  method  for  the  preparation  of  yeast  nucleic  add  is  sug- 
gested based  on  the  facts:  (1)  that  nucleoprotein  is  a  t3rpe  of  add 
protein  and  is  separated  into  nucleic  acid  and  protein  by  treat- 
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ment  with  alkali  in  the  cold;  (2)  that  nucleic  acid  is  soluble  in 
dilute  acetic  acid;  (3)  that  nucleic  acid  is  precipitated  by  mag- 
nesium sulfate  in  the  presence  of  hydrochloric  acid,  as  proposed 
by  Slade. 

Fresh  brewer's  yeast  is  diluted  with  water  and  treated  with  a 
concentrated  solution  of  sodium  hydroxide  (100  gm.  of  alkali 
per  kilo  of  yeast)  and  the  solution  then  partially  neutralized  with 
hydrochloric  acid.  The  solution  is  made  acid  with  acetic  acid 
and  filtered  from  the  separated  protein  after  the  bulk  of  the  pre- 
cipitate has  settled.  The  filtration  is  best  accomplished  with 
fluted  filters  or  paper  pulp.  The  clear  filtrate  is  treated  with  5  per 
cent  of  magnesium  sulfate  and  enough  hydrochloric  acid  to  cause 
the  nucleic  acid  to  flock  out.  The  precipitated  material  is  the 
monomagnesium  salt  and  may  be  dried  after  washing  with  alcohol 
and  ether.     Yield:  4-7.5  gm.  per  kilo  of  yeast. 

The  analyses  for  N,  Mg,  and  P  are  lower  than  the  calculated 
figures,  but  the  ratios  of  the  three  elements  correspond  accurately 
with  those  for  monomagnesium  nucleate. 

The  method  is  applicable  to  animal  nucleic  acid  with  slight 
modifications. 

STUDIES  IN  ENDOGENOUS  URIC  ACID  METABOLISM. 

By  HOWARD  B.  LEWIS,  MAX  S.  DUNN,  and  E.  A.  DOISY. 

(From  the  LaborcUory  of  Physiological  Chemistry  of  the  University  of  Illinois, 

Urbana.) 

The  influence  of  proteins  and  various  protein  derivatives  upon 
the  hourly  uric  acid  elimination  has  been  studied  in  the  fasting 
subject  on  a  purine-free  low  protein  diet.  Protein  (egg  white, 
cottage  cheese)  caused  a  slight  rise  beginning  the  2nd  hour  after 
ingestion  and  increasing  to  a  maximum  at  the  4th  hour.  Inges- 
tion of  equivalent  amounts  of  nitrogen  in  the  form  of  amino-acids 
(glycocoU,  alanine)  resulted  in  a  sharp  rise  the  2nd  hour  after  in- 
gestion followed  by  a  prompt  return  to  the  normal  level.  Ad- 
ministration of  a  second  portion  of  glycocoU  following  the  return 
to  normal  caused  a  like  increase  in  the  uric  acid  excretion.  The 
increased  uric  acid  metabolism  was  not  apparently  associated 
with  the  phenomena  of  specific  dynamic  action  of  the  glycocoU, 
since  aspartic  and  glutamic  acids  which  probably  exert  no  such 
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action  caused  increases  in  the  uric  acid  excretion  of  even  greater 
magnitude  than  glycocoll  or  alanine.  Neither  urea  nor  ammonium 
chloride  administered  in  amounts  comparable  to  the  amino-acids 
had  any  influence  on  the  uric  acid  output.  These  results  are  be- 
lieved to  indicate  that  the  rise  in  uric  acid  excretion  following 
ingestion  of  protein  food  is  not  due  mainly  to  the  work  of  the  di- 
gestive glands  but  to  stimulation  of  the  cellular  metabolism  by 
the  aminO-acids  liberated  in  the  digestion  of  the  protein.  Cre- 
atinine excretion  was  not  affected  in  any  of  the  experiments. 
Uric  acid  was  determined  colorimetrically  according  to  Benedict 
and  Hitchcock. 

ASPECTS  OF  raPPURIC  ACID  CONJUGATION. 
Bt  E.  LACKNER,  a.  LEVINSON,  and  WITHROW  MORSE. 

{From  the  Nelson  Morris  Institute j  Chicago.) 

The  liver  is  concerned  with  several  types  of  pairing,  yet  Sal- 
kowski  reported  that  the  principal  seat  of  hippuric  acid  conjuga- 
tion is  resident  in  the  kidney.  Salkowski's  observations  have  been 
repeated  by  others,  and  variations  in  the  sweeping  statements 
given  by  him  have  had  to  be  made.  In  the  dog,  Kingsbury 
found  that  there  are  other  organs  concerned  with  this  t}^  of 
pairing.  The  purpose  of  the  following  experiments  was  first  of 
all  to  determine  whether  the  Uver  played  a  recognizable  r61e  in 
hippuric  acid  synthesis,  and,  secondly,  whether,  if  this  is  true, 
the  principle  could  be  utilized  in  detecting  obscure  liver  involve- 
ments in  man. 

Two  male  dogs  were  isolated  in  metabolism  cages  and  the  food, 
water,  and  excretions  observed  over  a  period  of  34  days.  The 
urine  was  collected  in  24  hour  quantities.  Hepatic  involvement 
was  made  by  the  use  of  hydrazine  sulfate,  which,  according  to 
Underbill  and  Kleiner.and  to  Gideon  Wells,  produced  liver  lesions 
while  leaving  the  kidneys  untouched.  The  truth  of  this  is  vouched 
for  by  the  chloride  figures  of  the  present  set  of  experiments  as 
well  as  by  the  evidence  of  autopsy.  Hippuric  acid  was  deter- 
mined by  the  Folin-Flanders  method;  chlorides  were  determined 
by  the  method  of  Volhard;  gasometric  amino  nitrogen  determi- 
nations were  made  upon  the  hydrolyzed  urine  to  determine  the 
glycocoll  participation. 
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The  following  table  gives  the  r^siim^  of  the  experiments: 

(1)  Average  normal  excretion  of  hippuric  acid  nitrogen  per  24  hours. 

Qtn. 

Dog    1 0.029 

"     II 0,032 

(2)  Average  excretion  after  the  administration  of  2  gm.  of  sodium  benzoate 

by  mouth. 

Dog    1 0.082 

"     II ; 0.069 

(3)  Average  excretion  after  administration  of  hydrazine  sulfate  by  mouth. 
Dog   1 0.043 

"    II 0.045 

(4)  Average  after  injection  subcutaneously  of  500  mg.  of  hydrazine  sulfate. 
Dog    1 0.026 

"    II 0.030 

(5)  Average  after  following  this  injection  with  2  gm.  of  sodium  benzoate 

by  mouth. 

Dog    1 0.015 

"    II 0.014 

Averages  of  the  two  dogs. 

Experiment  1 ^ 0.030 

2 0.075 

3 0.044 

4 0.028 

5 0.014 

From  these  figures,  it  is  evident  that  normally,  an  increase  in 
hippuric  acid  nitrogen  after  giving  sodium  benzoate  by  mouth 
occurs;  that  after  giving  hydrazine  by  mouth,  the  hippuric  ex- 
cretion was  not  affected;  that  no  effect  was  observed  upon  the 
administration  of  hydrazine  subcutaneously,  but  that  after  hy- 
drazine  injection  followed  by  sodium  benzoate  by  mouth,  less  hip- 
puric  acid  is  excreted. 

The  kidneys  gave  every  evidence  of  being  normal,  as  judged 
by  the  chloride  excretion  day  by  day  and  also  by  the  condition 
of  the  kidney  at  autopsy.  Professor  Oscar  T.  Schultz,  director 
of  the  Institute,  kindly  performed  the  autopsy  and  reported  that 
Dog  II  gave  wholly  normal  histological  pictures,  while  Dog  I 
showed  some  glomeruli  and  interstitial  capillaries  engorged,  but 
no  other  indication  of  lesion.  The  livers,  on  the  other  hand, 
showed  marked  fatty  degeneration  with  central  congestion  and 
central  necrosis.    It  is  to  be  concluded,  then,  that  in  the  dog 
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the  excretion  of  hippuric  add  varies  with  the  condition  of  the  liver ^ 
the  kidney  remaining  constant. 

If  it  is  true  that,  in  the  mammal,  the  liver  participates  to  a 
major  degree  in  hippuric  acid  pairing,  we  should  be  able  to  recog- 
nize the  involvement  of  the  liver  by  this  means.  Several  normal 
children  were  studied,  sodium  benzoate  being  given  by  mouth, 
and  the  hippuric  acid  figures  compared  with  those  obtained  upon 
days  when  no  benzoate  is  given.  Invariably  there  is  an  increase 
in  hippuric  acid  excretion.  In  one  case  where  there  was  extensive 
liver  involvement  (child  of  11  years,  mitral  regurgitation,  heart 
decompensated,  liver  greatly  enlarged),  no  increase  in  hippuric 
acid  excretion  following  administration  of  sodium  benzoate  was 
observed. 

CONCLUSIONS. 

1.  In  dogs,  there  is  a  marked  participation  of  the  liver  in  the 
pairing  of  hippuric  acid. 

2.  This  may  be  determined  by  administering  subcutaneous 
injections  of  hydrazine  and  following  these  injections  by  admin- 
istration of  sodium  benzoate  by  mouth,  the  hydrazine  inducing 
fatty  degeneratipn  of  the  liver,  while  the  kidney  remains  intact. 
There  is  a  lessened  output  of  hippuric  acid  under  these  conditions. 

3.  What  appears,  from  a  single  crucial  instance,  to  be  a  similar 
condition  in  man  was  observed. 

A  MODIFICATION  OF  THE  LEWIS-BENEDICT  METHOD  FOR  THE 
DETERMINATION  OF  SUGAR  IN  BLOOD. 

By  STANLEY  R.  BENEDICT. 

{From  (he  Department  of  Chemistry  f  Cornell  Medical  College,  New  York  City,) 

A  study  of  the  reaction  between  picric  acid  and  glucose  in  alka- 
line solution  was  undertaken  to  find  conditions  under  which  this 
reaction  will  proceed  to  completion  in  dilute  solution,  thus  avoid- 
ing the  necessity  of  concentrating  by  boiling,  as  in  the  Lewis- 
Benedict  procedure.  The  results  have  shown  that  in  no  possible 
concentration  of  sodium  hydroxide  is  the  depth  of  color  directly 
proportional  to  the  concentration  of  sugar.  This  alkali  therefore 
cannot  be  employed.  With  increase  of  concentration  of  carbon- 
ate during  the  reaction  there  is  increase  in  depth  of  color  de- 
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veloped  almost  indefinitely,  but  high  concentrations  of  carbonate 
lead  to  the  occurrence  of  secondary  reactions,  so  that  the  color 
developed  is  again  not  directly  proportional  to  the  concentration 
of  sugar.  Thus  the  concentration  of  carbonate  cannot  be  in- 
creased to  cause  the  reaction  to  go  to  completion  in  dilute  solu- 
tion. It  was  foimd,  however,  that  in  high  concentration  of 
picric  acid  (greater  than  a  saturated  aqueous  solution)  the  reac- 
tion with  glucose  will  be  definite  and  quantitative  in  dilute  solu- 
tion in  the  presence  of  a  moderate  concentration  of  sodium  car- 
bonate. Details  of  the  method  thus  developed  will  be  published 
shortly. 

A  PRELIBHNARY  REPORT  ON  THE  URINARY  EXCRETION  OP 
SUGAR  IN  THE  NORMAL  DOG. 

By  STANLEY  R.  BENEDICT  and  EMIL  OSTERBERG. 
{From  Department  of  Chemistry,  Cornell  Medical  College ,  New  York  City,) 

The  excretion  of  sugar  in  the  urine  of  a  normal  dog  upon  vari- 
ous diets  was  studied  by  means  of  a  new  method  for  determination 
of  sugar  in  normal  urine.  The  technique  will  be  pubUshed  in 
detail  shortly.  The  results  of  the  study  showed  that  sugar  ex- 
cretion in  the  normal  dog  bears  no  relation  to  urinary  volume, 
but  is  dependent  upon  food  iiigestion  and  the  nature  of  the  diet. 
After  food  i&  eaten  the  curve  of  sugar  excretion  promptly  rises, 
reaching  a  maximum  usually  in  the  4th  to  5th  hour  after  the  feed- 
ing. The  curve  then  falls  quite  rapidly,  reaching  a  low  level 
during  the  early  morning  hours.  The  sugar  excretion  is  less  on  a 
meat  diet  than  on  a  diet  rich  in  starch,  but  the  curve  of  sugar 
excretion  follows  the  same  general  curve  in  both  cases. 

A  NEW  FORM  OF  COLORIMETER. 

By  JOSEPH  C.  BOCK  and  STANLEY  R.  BENEDICT. 

(From  Department  of  Chemistry ,  Cornell  Medical  College ,  New  York  City.) 

An  accurate  colorimeter  has  been  developed  in  which  the  place 
of  costly  and  difficultly  obtainable  prisms  is  taken  by  mirrors. 
The  instrument  will  be  described  in  detail  later. 
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ADSORPTION  PHENOMENA  IN  COAGULATION. 
By  G.  H.  a.  CLOWES. 

{From  the  Graiwick  Laboratory ^  Buffalo.) 

Physical  quality  and  speed  of  formation  of  blood  clot  appear 
to  depend  upon  the  degree  of  dispersion  of  reacting  colloids  and 
their  initial  and  final  solution  concentrations.  Much  previous 
work  on  coagulation  is  invahdated  owing  to  failure  to  recognize 
the  extent  to  which  individual  coagulation  factors  are  influenced 
by  very  slight  variations  in  hydrogen  ion  content  of  the  medium 
in  the  absence  of  the  buffer  system. 

Precipitated  or  colloidal  barium  sulfate,  calcium  oxalate,  etc., 
may  be  used  to  fractionate  coagulation  factors.  Prothrombin  is 
strongly  adsorbed  by  these  substances.  Adsorption  is  propor- 
tional to  the  degree  of  dispersion  of  the  adsorbent  and  is  depen- 
dent apparently  upon  presence  of  unsaturated  Upoids  like  cepha- 
lin,  thus  indicating  probable  surface  r61e  of  Upoids  in  coagulation 
processes  and  affording  a  quantitative  method  of  estimating 
prothrombin  and  lipoid. 

SALT  METABOLISM  IN  DIABETES. 

Bt  A.  H.  BEARD  and  L.  G.  ROWNTREE. 

{From  the  Department  of  Medicine j  University  of  Minnesota,  Minneapolis.) 

An  investigation  was  undertaken  to  determine  the  cause  of  the 
gain  of  weight  in  diabetes  during  starvation  and  on  low  carbohy- 
drate intake.  Gains  up  to  10  and  12  pounds  were  encountered 
during  periods  of  low  caloric  intake.  Edema  developed  in  three 
cases  in  a  series  of  twenty-five. 

It  was  found  that  diabetic  patients  allowed  to  use  table  salt 
ad  libitum  consumed  frequently  very  large  quantities,  as  high  as 
40  gm.  a  day  in  one  instance.  Salt  and  fluid  balance  charts  were 
constructed  and  correlated  with  a  weight  chart.  In  some  cases 
it  was  shown  that  the  gain  in  weight  and  development  of  edema 
were  synchronous  with,  and  in  all  likelihood  dependent  upon 
retention  of  salt  and  water. 

In  one  case  with  restricted  sodium  chloride  intake,  but  taking 
large  quantities  of  sodium  bicarbonate,  retention  of  fluid  and 
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marked  gain  in  weight  and  edema  developed.  On  withdrawing 
sodimn  bicarbonate  and  allowing  sodium  chloride  loss  of  weight 
occm-red. 

OBSERVATIONS  ON  TH£  PERBftANGANATE  TITRATION  OF  URIC 
ACID  CONTENT  OP  BLOOD. 

By  J.  LUCIEN  MORRIS. 

(From  the  College  of  Medicine,  University  of  Illinois,  Chicago,) 

The  determination  of  the  small  amomits  of  uric  acid  in  blood 
by  permanganate  titration  in  acid  solution  is  subject  to  a  rela- 
tively large  error.  This  is  due  to  the  continued  reduction  of 
permanganate  after  all  uric  acid  has  been  oxidized.  The  transi- 
tory nature  of  the  pink  color  end-point  gives  an  error  of  only 
2  to  3  per  cent  of  the  2  mg.  of  uric  acid  in  the  titration  following 
precipitation  from  urine  as  zinc  urate.  The  error  is  20  to  30  per 
cent  of  the  0.2  mg.  of  uric  acid  present  in  the  usual  quantity  of 
blood  taken  for  analysis.  Oxidation  of  uric  acid  by  permanga- 
nate in  the  slightly  alkaline  solution  of  sodium  bicarbonate  is  a 
much  less  vigorous  reaction  and  affords  an  opportunity  of  meas- 
uring the  conclusion  'of  the  oxidation.  The  end-point  used  is  the 
very  delicate  iodostarch  color,  which  can  be  applied  to  the  de- 
tection of  an  excess  of  permanganate  because  oxidation  of  potas- 
sium iodide  does  not  take  place  in  the  weakly  alkaline  solution 
until  all  uric  acid  has  been  oxidized. 

The  precipitated  zinc  urate  and  zinc  carbonate  are  dissolved 
in  hydrochloric  acid  and  disodium  phosphate  is  added  imtil  all 
the  zi^nc  has  been  precipitated.  To  the  resulting  solution  of  uric 
acid  n  sodium  phosphates,  with  which  the  zinc  phosphate  is 
present  as  a  precipitate,  25  cc.  of  a  saturated  solution  of  sodium 
bicarbonate,  5  cc.  of  a  10  per  cent  potassium  iodide  solution,  and 
1  cc.  of  a  0.5  per  cent  soluble  starch  solution  are  added.  0.002  n 
permanganate  is  run  in  from  a  burette  until  the  blue  color  of  the 
iodide  of  starch  appears.  Using  this  procedure,  0.2  mg.  of  uric 
acid  (the  amount  found  in  20  cc.  of  blood)  can  be  determined 
with  an  accuracy  of  5  per  cent  or  better.  The  results  in  blood, 
as  well  as  the  application  of  this  new  titration  to  other  organic 
substances,  are  being  studied  further. 
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ALVEOLAR  CARBON  DIOXIDE  OF  THE  NEW-BORK. 
By  max  SEHAN. 

METHODS  OF  DETERMINING  HYDROGEN  ION  CONCENTRATION 
AND  BUFFER  VALUE  (ALKALINE  RESERVE).* 

By  J.  F.  McCLENDON. 

THE  ISOLATION  AND  IDENTIFICATION  OF  THE  THYROID 
HORMONE. 

By  E.  C.  KENDALL. 

A  SIMPLE  METHOD  OF  MAKING  STALAGMOMETERS. 
By  A.  D.  HIRSCHFELDER. 

THE  FOOD  VALUE  OF  SOME  OP  THE  LESS  USED  PACIFIC  COAST 

FISH. 

By  F.  W.  ALBRO  and  H.  A.  MATFILL. 
♦Published  in  full  in  /.  Biol.  Chem.,  1918.  xxxiii.  19. 
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